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ABSTRACT 
 Twenty-one stream sites in the Ridge and Valley ecoregion of Tennessee 
and Georgia were studied in 2008 to evaluate the effects of watershed urbanization on 
instream environmental parameters and fish assemblages.  I also investigated changes in 
urbanization and stream conditions at 10 sites over a 10-year period (1998-2008).  
Electrofishing yielded 12,329 fish, composed of 38 species from eight families.  
Urbanization in the study watersheds was measured (using ArcGIS 9.3; released June, 
2008) by calculating the building density and percent urban land use.  Correlation 
analysis revealed that more urbanized watersheds were characterized by increased 
proportions of fine sediments and pool areas, coupled with reduced variation in channel 
complexity.  Urbanized watersheds exhibited declines in biotic integrity, species 
diversity, richness and evenness.  Watershed urbanization was also correlated with 
declines of the proportions of cyprinids and percids, as well as an increase in centrarchid 
proportions.  Findings from this study suggest that urban development has induced 
adverse transformations in both habitat quality and biotic health in Chattanooga area 
streams.  Percent urban land use was found to be a stronger correlate of stream conditions 
than building density.  Results from the 10-year comparison suggest that urban 
development induces stream habitat degradation at both low and moderate levels of 
urbanization, although the type and magnitude of degradation may be related to growth 
rates and specific stages of urban development.  Intensive degradation of fish 
communities likely occurs in watersheds during periods of accelerated urbanization. 
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Chapter 1 
INTRODUCTION 
Urbanization 
Urbanization induces dramatic transformations in natural landscapes.  From an 
ecological standpoint, these modifications are often catastrophic and are expected to 
become more prevalent according to urban growth projections.  In 2003, an 
overwhelming majority (>93%) of the population of the United States was found to 
reside in urban areas that contained more than 10,000 individuals (US Census Bureau, 
2005).  Demographic projections indicate that if the present growth rates continue, the 
U.S. population will be approximately 403 million in 2050, and 571 million in 2100 (US 
Census Bureau, 2000).  These population projections indicate that a drastic increase in 
the area of urbanized land is inevitable.   
Present and projected levels of urban land use represent a threat to stream 
ecosystems (Paul and Meyer, 2001).  Habitat degradation related to urban development 
includes impacts on water quality, hydrology, and geomorphology.  Consequently, urban-
related changes in environmental conditions have had negative effects on biotic 
communities in streams. 
Environmental Effects 
Sedimentation resulting from increased soil erosion is one of the most significant 
changes that occur during the initial construction phase of urbanization (Wolman 1967, 
Graf 1975).  During this phase, erosion and sedimentation rates can increase 
dramatically.  Wolman (1967) reported a 100-fold increase in the sediment yield during 
the construction phase in a study conducted in the Piedmont region of Maryland.  
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 Impervious surface cover (ISC) in urbanized watersheds alters the hydrology and 
geomorphology of streams.  A major effect of imperviousness is an increase in surface 
runoff, which has been found to increase the magnitude and frequency of flooding 
(Hollis, 1975).  Increased flooding and storm flows can erode stream banks and/or 
downcut the streambed (Paul and Meyer, 2001), ultimately altering the channel shape by 
increasing its cross-sectional area to accommodate the higher discharges.  This results in 
a cycle of stream bank/bed erosion, sedimentation, and habitat homogenization.   
The imperviousness of urbanized watersheds results in infiltration rates 
decreasing proportionally in response to the increased surface runoff.  Reduced 
infiltration diminishes baseflow by impeding aquifer recharge (Spinello and Simmons, 
1992).  This relationship can also raise stream temperatures due to differences in 
temperature between aquifer influent and surface runoff.  Surface runoff often exhibits 
higher temperatures during the summer because of the transfer of radiant heat from ISC 
(e.g., buildings, roads, parking lots).  The widening of streambeds and the reduction of 
shade-providing riparian habitat have also been found to increase stream temperatures 
(Pluhowski 1970, in Paul and Meyer, 2001).  
Riparian vegetation serves as a buffer between aquatic and terrestrial ecosystems.  
Reduction or removal of this vegetation during urbanization can drastically alter stream 
systems.  In addition to thermal regulation, riparian zones function to stabilize stream 
banks and reduce sedimentation.  The root systems of the riparian vegetation aid in 
stream bank stability, while the plant community as a whole can catch sediment from 
upland sources (US EPA, 2007). 
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Chemical effects of urbanization are far more variable than hydrologic or 
geomorphic effects (Paul and Meyer, 2001).  However, the responses of many chemical 
constituents to urbanization are often predictable.  Urban streams, when compared with 
forested streams, often exhibit higher conductivity levels, lower dissolved oxygen (DO) 
concentrations, and elevated concentrations of nitrogen and phosphorous.  The type and 
quantity of these nutrients are closely linked with land-use practices such as application 
of fertilizers (USGS, 1999).  Excess nutrients can result in increased algae growth.  Algae 
produce oxygen during the day and consume it at night, resulting in greater fluctuations 
of DO concentrations than is found in forested streams.  Elevated microbial respiration 
and decomposition rates due to increased organic matter may cause declines in DO levels 
(Kalff, 2002). 
Fish Assemblage Effects 
 Ichthyofaunal characteristics often reflect alterations to physical habitat structure 
that occur in urban streams.  With more homogenous habitats in urbanized streams, biotic 
communities tend to be less diverse (Scott and Helfman, 2001).  Fish assemblages in 
urban streams tend to exhibit lower species diversity and/or biotic integrity (Wang et al. 
1997, Morgan and Cushman 2005, Long and Schorr 2005; Schueler, 1994).  Declines in 
these fish metrics have been found to be dramatic between 10% and 20 % watershed 
urbanization (Wang et al., 1997; Yoder et al., 1999; Long and Schorr 2005). 
Sediment pollution and imperviousness have been linked to the homogenization 
of fish assemblages in urban streams (Walters et. al. 2003, Taylor and Roff 1986, 
Berkman and Rabeni 1987).  More specifically, these changes have the potential to shift 
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the fish community composition by increasing the proportion of tolerant species, while 
decreasing the proportion of intolerant species (Scott and Helfman, 2001). 
Physical and chemical properties of urban streams can threaten diversity.  
Elevated stream temperatures can result in a loss of fish diversity (Steffy and Kilham 
2006).  Oxygen-depleted waters (e.g. eutrophic) can be stressful or lethal to aquatic life 
and have less potential to harbor a rich fish assemblage (Nuernberg, 1995; Boet et al., 
1999). 
Measuring Urbanization 
A standardized method for measuring the extent of urbanization in ecological 
research has not been determined.  Two of the more common watershed parameters 
measured are percent impervious surface cover and percent urban land use.  Research on 
Ohio streams in two metropolitan areas suggests that approximately 15% urban land use 
is a threshold beyond which biological communities are likely to be impaired (Yoder et. 
al. 1999).  In Wisconsin streams, Wang et al. (1997) identified a sharp threshold between 
10% and 20% urban land use, across which index of biotic integity (IBI) scores declined 
most dramatically.  Results from studies examining percent impervious watershed surface 
cover suggest that the first sign of impairment appears between 10-15%, and degradation 
occurs rapidly at 20-30% (Steedman, 1988; Klein, 1979).  One study found that fish were 
absent at and above 30-50% watershed impervious surface cover (Klein, 1979). 
Watershed building density has the potential to be a useful land-use parameter, 
especially since the nonpoint-source pollution (stormwater runoff, sedimentation) 
associated with increased residential/commercial development is the main cause of 
stream degradation in metropolitan areas (Paul and Meyer, 2001).  However, 
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relationships between building density and stream parameters are not well documented in 
the peer-reviewed literature.  In Ohio stream studies, Yoder et al. (1999) reported that 
housing density and percent urban land use not only exhibited negative relationships with 
biotic integrity, but also demonstrated a strong linear relationship with each other.  In 
Utah, Giddings et al. (2006) suggested that housing density is a key landscape feature that 
requires further research.   
Due to these results and the general scarcity of limnological research using urban 
density parameters, building density (residential, commercial, industrial) was chosen as 
an independent variable in my research of Chattanooga area streams.  The objectives of 
this study were: 1) to characterize watershed land-use parameters (building density and 
percent urban land use), riparian land cover, fish assemblages, and instream 
environmental conditions at 21 stream sites in the Ridge and Valley ecoregion; 2) to 
examine relationships between watershed land-use parameters and stream conditions; and 
3) to evaluate possible changes in land-use parameters and stream conditions over a 10-
year period. 
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                                        CHAPTER 2 
METHODS 
Study Area 
 The study area included 21 sites in the Chattanooga area of Tennessee and 
Georgia.  These sites exhibited a wide range of urbanization, and were established on low 
gradient (averaging 0.4 %) second- to fourth-order streams in the Tennessee River 
drainage of the Ridge and Valley ecoregion.  The drainage areas ranged from 2.9 to 32.2 
km2, and the discharge estimates ranged from < 0.01 to 0.07 m3/s.  The length of each site 
was approximately 35 times the mean stream width (McMahon et al., 1996).  All 
sampling occurred in May-July, 2008. 
 
Landscape Assessments 
 Building density and percent urban land use from 1998 and 2008 were calculated 
for study watersheds (catchment upstream of site) using Geographical Information 
System (ArcGIS 9.3) software (ESRI, 2008).  Urban land included any residential, 
industrial, or commercial properties within watersheds (which included urban and 
suburban regions).  Analyses were consistently conducted with the highest quality data 
available, using the Geographic Coordinate System North American Datum 1927 (NAD 
27), and the projected coordinate system Universal Transverse Mercator (Zone 16 N).  
Watersheds were delineated using United States Geological Survey Digital Elevation 
Models (USGS, 2000).  The spatial analyst mosaic tool was used to create one DEM file 
that covered the study area.  The following tools in the ArcMap spatial analyst toolbox 
were used on the DEM in sequence: fill, flow direction, and flow accumulation.  GPS 
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points were taken at the downstream boundary of each stream site with the use of a 
Trimble® GeoXH™ handheld unit.  GPS points (used as pour points) were used in 
conjunction with the modified DEM in order to complete watershed delineation by using 
the watershed tool from the ArcMAP toolbox.  Watershed areas were calculated using the 
XTools Pro extension for ArcGIS, and the watershed polygons were saved as a shape file.   
Watershed polygons were used with digital orthophoto quadrangles (DOQs) to 
determine each watershed’s building density and percent urban land use.  These land-use 
variables were estimated for 1998 and 2008, from DOQs created in 1997 (USGS DOQ, 
1-m resolution) and 2008 (United States Department of Agriculture’s National 
Agriculture Imagery Program (NAIP), 1-m resolution; Hamilton County 6-inch 
resolution).  Due to incomplete coverage of my study area with the 2008 Hamilton 
County 6-inch imagery, three sites were evaluated with 2008 NAIP 1-meter imagery.  
Buildings (residential, commercial, and industrial) were physically counted with the aid 
of a projected grid layer created with Hawth’s tools (Beyer, 2004).  Percent urban land 
use was calculated by creating shapefile polygons over urbanized land, and calculating 
the area of those polygons using the XTools Pro extension of ArcGIS.   
An index of relative growth in urban land use (RGUL) between 1998 and 2008 
was calculated for 10 moderately urbanized sites.  This relative growth rate was derived 
by dividing the between-year difference of percent urban land use (2008 minus 1998) by 
the 1998 value, and is expressed as a percentage. 
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Stream Assessments 
Water Quality and Discharge.  Discharge and water quality parameters were 
measured at each study site twice per month during the sampling period.  Discharge was 
determined using the velocity-area method (McMahon et al., 1996), and was conducted at 
a consistent location within each site.  The coefficient of variation of discharge was 
calculated to estimate temporal variation in flow.  Water quality parameters were 
measured in a shallow run (<0.5 m) at each site with a Yellow Springs Instrument meter 
(YSI Model 600QS®), and included conductivity (µS/cm), dissolved oxygen (mg/L), 
temperature (C˚), and pH.   
 Instream and Channel Features.  Habitat assessments occurred once per study site 
during the sampling period.  Thirteen equally-spaced stream-width transects were 
designated for each site (Simonson et al., 1994).  Transect-based measurements included 
stream and channel morphology (width and depth at base-flow and estimated bank-full 
conditions, respectively), bank angles, streambed substrate composition, and current 
velocity (at 60% of water depth in the thalweg; per McMahon 1996).  Substrate 
composition was assessed (across the width of each transect) by measuring proportions of 
fine sediment (<2mm, sand, silt, clay), gravel (2-63 mm), cobble (64-256 mm), boulder 
(>256 mm), bedrock, and artificial (Wentworth 1922, in McMahon 1996).  Stream depth 
was measured at five equidistant points along each stream-width transect.  Channel depth 
was measured at three points (25, 50, and 75 % of channel width) along each stream-
width transect.  Bank angles were measured on each bank per transect, and a weighted 
(by length) average was obtained when multiple angle measurements were necessary.    
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A longitudinal (upstream-downstream) transect was established for each study 
site, spanning the entire length of the reach where habitat types (riffle, run, pool) and 
their associated lengths were determined.  Stream gradient and sinuosity were also 
determined along this transect, with the aid of ArcGIS 9.3.  GPS points were taken at the 
upstream and downstream boundaries of each study site with a Trimble® GeoXH™ 
handheld unit, and the instream distance between them was measured in the field.  Points 
assisted in obtaining appropriate elevation data from the USGS DEM, allowing the 
gradient to be calculated.  Points also allowed us to estimate sinuosity by calculating a 
ratio of the straight-line distance between them (using the ArcGIS measure tool) and the 
instream distance previously measured.  
Spatial habitat diversity was assessed by computing the Shannon index to 
estimate substrate diversity, and coefficients of variation for bank angles, current velocity 
and channel morphology indices. 
Riparian Land-Use Features.  Riparian land cover was estimated once from five 
equally-spaced transects at each site.  Each transect extended perpendicular to the stream 
for 100 m on each side.  Percent riparian land cover was visually determined for natural 
(e.g., woody vegetation, aquatic/wetland) and artificial categories (e.g., urban, 
agricultural). 
Fish Assemblages.  This project was approved by the University of Tennessee’s 
Institutional Animal Care and Use Committee (IACUC protocol #1006MSS-02; 
Appendix P).  Fish assemblages were sampled by electrofishing once at each site.  
Sampling was conducted in an upstream direction, starting at the lowermost point of the 
site.  Seine nets (0.5-cm mesh, 1.8 x 10.4 m) were used to enclose habitat areas (e.g., 
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pools, riffles) in an effort to minimize fish escapement.  Several enclosures were 
established at each site.  Within each sampling enclosure a backpack shocker (Smith-
Root Model 15-C) was used to stun fish, after which they were collected by a netter 
(using a dip-net and downstream seine).  Enclosures wider than 3 m were sampled by two 
shockers and two netters.  Captured fish were held in temporary live-wells.  
 After sampling each enclosure, the fish were counted, identified to species, and 
checked for external abnormalities (e.g., fin rot, tumors) before being released near the 
collection area.  This information was used to calculate an index of biotic integrity (IBI), 
which is a region-specific scaled comparison of fish assemblages that controls for the 
effects of watershed size (Saylor and Scott 1987, Parsly et. al. 1998).  Indices of native 
species diversity, and other fish assemblage attributes were also calculated (Brower, 
1998).   
 
Data Analysis 
 All data sets were analyzed using the Statistical Analysis System (SAS 1988).  
The Pearson correlation procedure was used to test for possible relationships of 2008 
landscape features (watershed building density, percent urban land use) with instream 
environmental conditions and fish assemblage characteristics (n = 21 sites).  If there was 
a discrepancy concerning normality (per Shapiro-Wilk’s test and inspection of box plots), 
a log transformation or an arcsine transformation (for certain proportion-based data) was 
used in conjunction with a parametric statistical test. 
Paired t tests were conducted to compare past (1998) and present (2008) estimates 
of catchment and stream parameters for moderately urbanized watersheds (n = 10 sites).  
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To account for possible confounding effects related to different levels of urban 
development/growth across the study watersheds, additional paired t tests were conducted 
to compare past and present stream conditions within groups of “fast-growth” sites 
(RGUL: mean = 99%, range = 44 - 194%, n = 5) and “slow-growth” sites (RGUL: mean 
= 33%, range = 20% - 43%, n = 5).  Watershed urban land use averaged lower at fast 
growth sites versus slow growth sites in 1998 (17.3% vs. 27%; two-sample t test; P < 
0.10), but no statistical difference was observed in 2008 (~33%; P > 0.40). 
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CHAPTER 3 
RESULTS 
Watershed and Stream Conditions, 2008 
 
Watershed Characteristics 
 
 Watershed urbanization varied among study sites, as measured by both land-use 
parameters (Appendix A).  Building density averaged 1.61 units/ha, and ranged from 0.16 
units/ha to 5.07 units/ha.  Watershed urban land use averaged 43.9%, and ranged from 
6.7% to 91.6%.     
Stream Characteristics 
Water Quality and Hydrology.  Stream temperature, dissolved oxygen, and 
conductivity varied markedly across the 21 sites (Table 1; Appendix B).  Temperature 
ranged from 18.1˚C to 27.0˚C, dissolved oxygen from 4.23 mg/l to 10.30 mg/l, 
conductivity from 224.4 µS/cm to 560.4 µS/cm, and pH from 7.25 to 8.02.  Date-specific 
data revealed several violations of statewide water quality criteria (according to TDEC, 
2008).  Violations of the minimum dissolved oxygen standards (< 5.0 mg/l) occurred in 
Dobbs Branch (2.78 mg/l; 3.08 mg/l; 3.2 mg/l), an unnamed tributary to Friar Branch 
(3.34 mg/l), and Mountain Creek (4.45 mg/l).  One violation of the maximum 
temperature criterion (> 30.5˚C) was recorded in Rogers Branch (32.6˚C).   
Discharge averaged 0.019 m3/s across the sites (Table 1).  A discharge estimate of 
zero was obtained in Dobbs Branch.  This was due to no measureable flow in the pool 
habitat that spanned the entire length of the site.  The coefficient of variation (CV) of 
discharge (index of temporal variation in flow) averaged 72.7% across the sites.  The CV 
of current velocity (an index of spatial habitat variation) averaged 1.6% across the sites. 
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 Instream Habitat Features.  Certain instream habitat characteristics were highly 
variable among the sites (Table 1; Appendices C-G).  Predominant instream features 
included pools/runs and gravel substrates.  Average relative abundance of habitat types 
included: pools, 39.1%; runs, 38.2%; and riffles, 22.7%.  Average stream dimensions 
were: width, 4.5 m; depth, 16.6 cm; thalweg depth, 31.0 cm; and stream shape index 
(width:depth ratio), 49.0.  Channel dimensions averaged: width, 7.4 m; depth, 71.7 cm; 
and channel shape index (width:depth ratio), 11.5.  The stream shape index (calculated as 
a width:depth ratio) exhibited more between-site variation than the channel shape index 
(ranges = 16.5-123 and 7.2-21.2, respectively).  Streambed substrates averaged: gravel, 
49.4%; fine 21.7%; and cobble, 15.9%.  Other instream features (aquatic macrophytes, 
large woody debris, undercut banks, etc.) on average accounted for less than 0.3% of total 
transect length.   
Spatial habitat variation (indexed by CV values) appeared much greater for the 
stream dimensions than for channel dimensions (Table 1; Appendix D).  Variation in the 
stream shape index averaged 76.5%, while that of the channel averaged 32.2%.   
 
Riparian Habitat Features.  Natural riparian cover averaged 49.1%, ranging from 
7.8% to 90.1%.  On average, wooded vegetation accounted for 33.7% of the natural 
riparian cover, herbaceous vegetation for 3.9%, meadow for 7.0%, and aquatic/wetland 
for 3.3% (Table 1; Appendices H-I). Anthropogenic land cover in riparian buffers was 
predominantly urban (19 of 21 sites), although agriculture occurred at two sites (Pope 
Creek and Sugar Creek).   
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Fish Assemblages.  Electrofishing at the 21 sites resulted in the collection of 
12,329 fish (Table 2; Appendix J).  These included 38 species from eight families.  The 
majority of fish collected were from the families Cyprinidae and Centrarchidae (Table 3; 
Appendix K).  Cyprinids averaged 55.3% of the composition among sites, and 
centrarchids averaged 29.3%.  Other biotic parameters averaged: species richness, 11.8; 
Shannon’s diversity index, 1.74; Shannon’s evenness index, 0.69; and Simpson’s 
dominance index, 0.25 (Appendix L).  
Introduced species collected in this study averaged 18% of the fish assemblage 
composition among sites, and included yellow perch (Perca flavescens), redbreast sunfish 
(Lepomis auritus), western mosquitfish (Gambusia affinis), redeye bass (Micropterus 
coosae), and common carp (Cyprinus carpio).  No threatened or endangered species were 
collected.  Several species were each found at one site only, including channel catfish 
(Ictalurus punctatus), southern redbelly dace (Phoxinis erythrogaster), scarlet shiner 
(Lythrurus fasciolaris), golden redhorse (Moxostoma erythrurum), black redhorse 
(Moxostoma duquesnei), and common carp (Cyprinus carpio).  Largescale stoneroller 
(Campostoma oligolepis) was the most commonly collected species, occurring at 20 sites.  
Other abundant species include striped shiner (Luxilus chrysocephalus), green sunfish 
(Lepomis cyanellus), and redbreast sunfish, each occurring at 18 sites.   
IBI scores (Appendices M-O) for the 21 sites averaged 34 (poor), ranging from 24 
(very poor/poor) to 42 (fair).  Sites with low IBI scores (very poor/poor) exhibited lower 
catch rates and smaller proportions of piscivorous fish and specialized insectivores.   
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Correlation Analysis 
 Eight relationships were detected between instream environmental variables and 
watershed urban land use (Table 4; Figures 2-4).  However, no relationships were 
detected between these variables and building density.  Urban land use was positively 
correlated with stream temperature, conductivity, and the proportions of fine sediment 
and pool habitat; and negatively correlated with the dissolved oxygen concentration, CV 
thalweg depth, CV channel shape index, and the proportion of riffle habitat.  Other 
correlations with environmental conditions and watershed urban land use were not 
significant (p > 0.10). 
 Fourteen relationships were detected between fish assemblage attributes and 
watershed features (Table 5; Figures 5-8).  Urban land use was negatively correlated with 
biotic integrity, species richness, diversity, abundance, and percent abundances of 
cyprinids and percids; and positively correlated with dominance and percent abundances 
of centrarchids and introduced species.  Building density was negatively correlated with 
richness, diversity, and percent abundance of percids; and positively correlated with 
dominance and percent abundance of introduced species.  Other correlations with fish 
assemblage attributes were not significant (P > 0.10).       
 
Changes in Stream/Watershed Conditions: 
 1998 versus 2008 
 
 Overall Comparisons.  Urban land use averaged higher in 2008 than in 1998 
(33.3% and 22.2%, respectively; P < 0.0001).  Six instream habitat variables exhibited 
between-year differences (Table 6).  The CV for discharge, stream width:depth ratio, and 
the proportions of wooded riparian habitat and run habitat were higher in 2008, while 
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mean discharge and the proportion of pool habitat were lower in 2008.  No differences 
were detected concerning substrate composition or water quality. 
 Three fish assemblage attributes exhibited between-year differences (Table 7).  
Percent abundance of introduced species was higher in 2008, while total abundance and 
percent abundance of cottids (one species; Cottus carolinae) were lower in 2008.  No 
between-year differences were detected for the other biotic variables (P > 0.10). 
     
Group-Specific Comparisons.  Collectively, habitat variables exhibited six 
between-year differences across the two groups of sites (Table 8).  In 2008, slow-growth 
sites exhibited higher temperatures, lower discharges, and more variable flows.  In 2008, 
fast-growth sites exhibited higher stream width:depth ratios, more run habitat, and less 
pool habitat.   
 Fish assemblage attributes exhibited six between-year differences (Table 9).  In 
2008, slow-growth sites exhibited higher diversity and evenness, and lower dominance.  
Fast-growth sites exhibited lower levels of biotic integrity, richness, and abundance in 
2008.   
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CHAPTER 4 
DISCUSSION 
Stream-Watershed  
Relationships, 2008 
 
 Correlation analysis of data from 21 study sites (exhibiting a wide range of  
urbanization) indicated that a general decline in stream health occurs as urban 
development progresses.  This trend was reflected for both environmental and fish 
assemblage characteristics.  Percent urban land use was found to be a better correlate 
with environmental conditions (8 relationships) than building density (no relationships).  
However, results were fairly similar between the two land-use parameters concerning fish 
assemblage characteristics.  Results indicate that percent urban land use correlated well 
with both environmental and fish assemblage parameters. 
   Urban-related impairment of stream water quality has been documented in other 
studies (Klein, 1979; Paul and Meyer, 2001).  Sites with high percent urban land use 
exhibited higher temperatures, higher conductivity levels, and lower concentrations of 
dissolved oxygen.  Violations of the minimum dissolved oxygen standard and maximum 
temperature criterion in Dobbs Branch and Rogers Branch, respectively, exemplify the 
extremes of degradation that can occur in heavily urbanized watersheds (91.6% and 70.3 
% urban land use).  Violations of the minimum dissolved oxygen standard in Mountain 
Creek and an unnamed tributary to Friar Branch suggest that unsuitable conditions for 
aquatic life can occur in watersheds with much lower levels of urban development 
(32.1% and 28.2% urban land use, respectively).  
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Habitat homogenization in urbanized sites was evidenced by the negative 
relationships between percent urban land use and variation in the channel shape index 
and thalweg depth.  Highly urbanized sites were characterized by increased proportions 
of introduced species and low levels of fish abundance, biotic integrity and species 
diversity/richness.  These results are in accordance with Scott and Helfman’s (2001) 
findings that homogenous habitats tend to possess less diverse biotic communities, 
partially resulting from native replacement by exotic species.  
High proportions of fine sediment were consistently observed at sites with high 
watershed urban land use.  Streams with homogenous habitats, and increased amounts of 
fine substrates have been documented as favoring cosmopolitan species, ultimately 
homogenizing fish assemblages (Walters et al., 2003). 
 Biotic homogenization was indicated at the more urbanized study sites by 
increased proportions of introduced species and centrarchids (mainly Lepomis), coupled 
with decreased proportions of other fish families.  Increased centrarchid proportions in 
urban streams have been previously documented in peer-reviewed literature (Jones et al., 
1999; Walters et. al., 2005).  Both urbanization and, more specifically, bed sedimentation 
have been linked to this increase.  In addition to high levels of fine sediments, urban sites 
(per urban land use) in the present study displayed a relatively high abundance of pool 
habitat.  This could also be linked to the observed centrarchid proportions, as this family 
of fishes typically lives in pools and backwaters of streams (Jenkins and Burkhead, 
1994).  This study’s indication of centrarchid persistence in urban streams contributes to 
the growing evidence that they may be more tolerant than other stream fishes (Detenbeck, 
1992; Walters et al., 2005). 
 19 
 
 Sites with urbanized watersheds exhibited lower proportions of cyprinids and 
percids (Etheostoma [darters]).  Similar results have been reported for darters in Alabama 
(Onorato et al., 2000) and Georgia (Walters et al., 2005).  Darters have been described as 
shallow-dwelling benthic specialists that are sensitive to disturbance (Jenkins and 
Burkhead, 1994), and the IBI developed for this region classifies all darters in this study 
as specialized insectivores (Saylor and Scott, 1987).  Several cyprinids captured in this 
study (5 of 13) were also classified as insectivores or specialized insectivores.  An earlier 
study in Chattanooga area streams (Freeman and Schorr, 2004) found that percent urban 
land use was negatively correlated with the diversity and abundance of EPT 
(Ephemeroptera, Plecoptera, and Trichoptera families) insects; many of which are 
important in the diets of darters and other stream fishes (Etnier and Starnes, 1993).  
Probable declines in invertebrate food sources along with other observed environmental 
disturbances (sedimentation, habitat homogenization, and reduction in riffle habitat), 
likely contributed to reduced abundances of cyprinids and percids in the more urbanized 
streams in the Chattanooga area. 
 Findings from this study indicate that the ecological health of Chattanooga area 
streams is related to urban development.  Trends of degradation were observed in both 
environmental quality and fish assemblage conditions.  Building density and percent 
urban land use were both sensitive predictors of biotic conditions.  Contrary to percent 
urban land use, building density was not found to be a sensitive predictor of 
environmental quality.  This discrepancy may have been a result of certain watersheds 
possessing high percent urban land use, but relatively low building densities due to large 
residential lots and the presence of green space.  These data suggest that the percent 
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urban land in a watershed is a stronger correlate of stream conditions.  Hence, urban land-
use data appear to have merit for use in mitigation or prevention of urban effects on 
streams. 
Yoder (1999) employed both housing density and percent urban land use as 
predictors of stream health in metro areas of Ohio.  Percent urban land use exhibited a 
strong negative relationship with biotic integrity, but housing density exhibited a discrete 
threshold beyond which streams were similarly degraded.  Giddings et al. (2006) used a 
multimetric urbanization index as a predictor of stream health in the Wasatch Front, 
Utah.  Determining the urban factors most strongly correlated with the distribution of fish 
species was a particular focus of this study.  It was found that housing density was a key 
landscape feature that required more research.  In the present study, building density 
(industrial, commercial, and residential) was found to be a better correlate than housing 
density (residential) alone.  Further research using this method of measuring urbanization 
is needed. 
 
Changes in  
Stream/Watershed conditions 
 (1998 versus 2008) 
 
 Urban development in the study watersheds increased markedly between 1998 
and 2008; however, stream conditions exhibited a moderate number of overall differences 
between years.  The most precipitous declines in stream health often occur early in 
watershed development (Klein, 1979; Schueler, 1994), and several studies are in general 
agreement that a stream degradation threshold exists between 10% and 20% urban land 
use, across which biotic integrity declines dramatically (Wang et al., 1997 [10-20%]; 
Yoder et al., 1999 [15%]; Long and Schorr, 2005 [20%]).  In the present study, five out 
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of ten sites had more than 20% watershed urban land use in 1998.  The fact that half of 
the study sites passed the hypothesized 10-20% threshold by 1998 may have resulted in 
the comparison of sites experiencing different growth rates and stages of urbanization, 
perhaps confounding the detection of certain effects.  However, inferences can be made 
in relation to the between-year differences that were detected. 
 
Overall Differences in Stream Conditions 
Lower discharge measurements and reduced proportions of pool habitat in 2008 
(versus 1998) were probably related to drought conditions and decreased precipitation.  
Average total precipitation for Chattanooga between the months of January and July is 
856 mm (33.7 in.).  Total precipitation from January to July was 930 mm (36.6 in.) in 
1998, and 683 mm (26.9 in.) in 2008 (NWS, 2009).  The United States Drought Monitor 
reported severe to extreme drought conditions for the Chattanooga area from January to 
July in 2008 (Edwards, 2009).  Decreased rainfall associated with drought conditions 
would result in less surface runoff, as well as reduced groundwater recharge, resulting in 
less flow through the stream.  Consequently, lower stream flows/depths would tend to 
reduce pool habitats.  
Temporal shifts toward run habitats are likely an urban effect.  Channelization in 
urban streams can lead to shallower pool depths (indicating more homogenous stream 
depths), decreased sinuosities (Pizzuto et al., 2000) and increased velocities (Paul and 
Meyer, 2001), and thus higher proportions of run habitat.  Increased variation in 
discharge in 2008 is likely related to increased urbanization over the 10-year period. 
Flashy discharges in urban watersheds can result from reduced infiltration (lower base 
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flows), increased surface runoff (higher stormflows) typically associated with impervious 
land cover (Hollis, 1975), and a greater frequency of illicit discharges and water 
withdrawals.  Increased stream width:depth ratios, suggestive of geomorphological 
changes due to urbanization, can occur either by the widening of channels resulting from 
erosion or reduced stream depths resulting from sedimentation (Paul and Meyer, 2001). 
Water quality, substrate composition, and channel morphology were similar 
between years.  These similarities concerning environmental characteristics appear to be 
reflected in the overall similarity of fish assemblage attributes.  Between-year differences 
were not detected for species richness, or indices of biotic integrity, diversity, and 
dominance.  Species composition was also similar concerning cyprinids, catostomids, 
centrarchids, and percids.     
Although most biotic variables suggest general similarity in fish assemblages, 
some differences were detected.  Higher proportions of introduced species in 2008 
suggest a decline in stream health (Kennard et al., 2005).  Previous studies have 
documented direct relationships between the abundance of invasive and/or introduced 
species and habitat homogenization (Scott and Helfman, 2001), as well as urbanization 
(Boet et al., 1999).  Lower total abundance in 2008 also suggests a decline in stream 
health due to urban development, as this relationship has been previously documented in 
the upper Cahaba River in Alabama (Onorato et al, 2000).  However, differences in total 
abundance and percent abundance of cottids (one species; Cottus carolinae) could be 
more related to drought conditions than urban development.  Evidence from previous 
studies suggests droughts can alter fish assemblages, most frequently by lowering 
abundances and altering fish assemblage composition (Matthews and Marsh-Matthews, 
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2003).  One study in central New York found that a close relative of Cottus carolinae (C. 
cognatus) and other riffle-dwelling species were more strongly affected by drought than 
pool-adapted species (Danehy et al., 1998).                         
 
Group-Specific Differences in Stream Conditions 
 Fast-Growth Sites.  Certain group-specific differences may be related to urban 
and/or drought effects.  On average, fast-growth sites (with lower levels of urbanization 
in 1998) exhibited much higher stream width:depth ratios in 2008, whereas the slow-
growth sites (with higher levels of urbanization in 1998) exhibited very similar values 
between years.  Fast-growth sites also showed pronounced increases in the proportions of 
run habitat, whereas slow-growth sites were more similar between years.  This indicates 
that these differences are more likely related to urbanization than drought.  Differences 
observed for these variables when analyzing the ungrouped data were probably most 
heavily influenced by the marked between-year differences exhibited by the fast-growth 
sites. 
 Reduced biotic integrity, richness, and abundance in 2008 at sites with fast-
growth rates reflect declines in stream health.  The average IBI rating (based on 12 fish 
assemblage metrics) dropped from fair in 1998 to poor/fair in 2008.  Most dramatic 
declines in biotic integrity occur early in watershed development (Wang et al., 1997; 
Yoder et al., 1999; Long and Schorr 2005). 
  Slow-Growth Sites.  Higher stream temperatures in 2008 are likely due to the 
cumulative effects (Pluhowski 1970, in Paul and Meyer 2001) of urban development 
(channel widening, decreased groundwater recharge, and warm impervious surface 
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runoff).  However, lower flows during drought conditions could also result in an increase 
in stream temperatures.  One date-specific violation of the statewide water quality criteria 
(according to TDEC, 2008) occurred in Mountain Creek (dissolved oxygen < 5.0 mg/l) 
during 2008, while no violations were observed in 1998.  This occurrence is suggestive of 
worsening water quality conditions in this urbanizing watershed. 
Reduced discharge and more variable flows indicate less favorable habitat 
conditions in 2008.  Increased variation in streamflow is likely an urban effect.  However, 
lower mean discharges are probably drought-related (discussed with overall differences). 
Although no improvements in habitat quality were detected for sites with slow-
growth rates, modest differences in fish assemblage attributes (diversity, evenness, and 
dominance) may be indicative of some fish assemblage recovery from the intense, early 
stages of urbanization; however, midpoints in the biotic homogenization process has been 
previously characterized by increased species diversity resulting from generalist, 
sediment-tolerant “native” species invading from downstream areas (Scott and Helfman, 
2004).  It is also important to note that these sites showed low levels of biotic integrity in 
1998 (poor) and 2008 (poor/fair), indicating degraded fish assemblage conditions for both 
years.  Any potential recoveries in fish assemblage attributes would likely be minor and 
temporary, as abundant evidence from other studies (utilizing a wider range of watershed 
urbanization) suggests declining diversity and/or biotic integrity with increasing 
urbanization (Wang et al. 1997, Morgan and Cushman 2005, Long and Schorr 2005; 
Yoder, 1999).     
 Findings from this study suggest that urban development induces stream habitat 
degradation at both low and moderate levels of urbanization.  The type and magnitude of 
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degradation may also be related to specific stages of urban development, as well as 
growth rates within the watershed.  Intensive degradation of fish communities likely 
occurs in watersheds during periods of accelerated urbanization; however, the potential 
rebound of fish communities following early stages of watershed development needs 
further research. 
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Table 1. Descriptive statistics for environmental parameters calculated from 21 stream sites in the 
Chattanooga area (Tennessee-Georgia), May-July 2008.  CV = Coefficient of variation. 
Parameter Mean SD Range 
Water quality  
     Temperature (C) 21.0 1.9 18.1-27.0 
     Dissolved oxygen (mg/L) 8.0 1.5 4.2-10.3 
     pH 7.7 0.2 7.3-8.0 
     Conductivity (µS/cm) 344.1 80.3 224.4-560.4 
Hydrology 
     Discharge (m3/sec) 0.019 0.018 < 0.01-0.073 
     Current velocity (m/s) 0.08 0.08 < 0.01-0.23 
     CV discharge (%) 72.7 41.3 0.0-151.9 
     CV current velocity (%) 1.6 0.9 0.0-3.6 
Habitat type (%) 
      Pool  39.1 24.9 4.3-100.0 
      Riffle  22.7 13.1 0.0-49.1 
      Run  38.2 16.9 0.0-67.4 
Stream morphology 
     Stream width (m)  4.47 1.47 1.93-7.63 
     Stream depth (cm) 16.6 7.4 4.8-31.1 
     Thalweg depth (cm) 31.0 11.9 10.5-52.5 
     Stream shape indexa 49.0 25.3 16.5-123.0 
     CV of stream shape index (%) 76.5 36.7 29.1-215.9 
     CV of thalweg depth (%) 64.6 40.2 28.3-215.5 
Channel morphology 
     Channel width (m) 7.35 1.96 3.70-15.10 
     Channel depth (cm) 95.5 36.8 4.0-219.0 
     Channel shape indexb  11.5 3.2 7.2-21.2 
     CV of channel shape index (%) 32.2 12.0 16.0-53.0 
     Bank angle (ο) 47.3 7.2 30.0-57.3 
     CV bank angle 27.4 6.7 14.6-40.7 
     Sinuosity 1.10 0.13 0.94-1.49 
Streambed Substrate 
     Bedrock (%) 8.6 12.2 0.0-39.2 
     Boulder (%) 2.6 3.6 0.0-14.4 
     Cobble (%) 16.4 15.1 1.4-50.8 
     Gravel (%) 49.6 17.8 7.4-75.9 
     Fine sediment (%) 21.7 16.7 3.3-52.7 
     Substrate diversityc 1.03 0.21 0.77-1.46 
Other Instream features (%) 
     Aquactic macrophytes 0.13 0.39 0.0-1.8 
     Large woody debris 0.13 0.12 0.0-0.45 
     Bar/island habitat 0.13 0.20 0.0-0.92 
     Artificial material 0.01 0.02 0.0-0.09 
Riparian habitat (%) 
     Woody vegetation 37.6 20.2 7.8-74.4 
     Herbaceous vegetation 3.9 4.6 0.0-13.2 
     Wetland/aquatic 3.3 5.9 0.0-22.5 
 aStream width:depth ratio; bChannel width:depth ratio; cShannon’s Index  
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Table 2.  Fish species occurrence at 21 stream sites in the Chattanooga area (Tennessee-
Georgia), May-July, 2008. 
Scientific name Common name 
Total 
number 
of fish 
Average 
number 
of fish 
per site 
Number 
of sites 
Campostoma oligolepis largescale stoneroller 3686 175.5 21 
Cyprinus carpio common carp 1 < 0.1 1 
Cyprinella galactura whitetail shiner 1 < 0.1 1 
Hybopsis amblops bigeye chub 113 5.4 8 
Luxilus chrysocephalus striped shiner 2614 124.5 18 
Lythrurus fasciolaris scarlet shiner 21 1.0 1 
Nocomis micropogon river chub 7 0.3 2 
Notemigonus crysoleucas golden shiner 5 0.2 2 
Phoxinus erythrogaster southern redbelly dace 38 1.8 1 
Pimephales notatus bluntnose minnow 221 10.5 8 
Rhinichtys obtusus western blacknose dace 1241 59.1 14 
Semotilus atromaculatus creek chub 291 13.9 13 
Catostomus commersoni white sucker 181 8.6 12 
Hypentelium nigricans northern hogsucker 107 5.1 11 
Moxostoma duquesnei black redhorse 2 0.1 1 
Moxostoma erythrurum golden redhorse 1 < 0.1 1 
Ameiurus melas black bullhead Qa 0.0 1 
Ameiurus natalis yellow bullhead 16 0.8 7 
Ictalurus punctatus channel catfish 1 <0.1 1 
Fundulus olivaceus blackspotted topminnow 32 1.5 5 
Gambusia affinis western mosquitofish 378 18.0 16 
Cottus carolinae banded sculpin 268 12.8 10 
Ambloplites rupestris rock bass 38 1.8 5 
Lepomis auritus redbreast sunfish 1058 50.4 18 
Lepomis cyanellus green sunfish 541 25.8 19 
Lepomis gulosus warmouth 22 1.0 6 
Lepomis macrochirus bluegill 510 24.3 18 
Lepomis megalotis longear sunfish 16 0.8 3 
Lepomis microlophus redear sunfish 28 1.3 6 
Lepomis punctatus spotted sunfish 204 9.7 6 
Micropterus coosae redeye bass 19 0.9 4 
Micropterus punctulatus spotted bass 2 0.1 1 
Micropterus salmoides largemouth bass 60 2.9 15 
Etheostoma blennioides greenside darter 2 0.1 2 
Etheostoma caeruleum rainbow darter 135 6.4 11 
Etheostoma duryi black darter 185 8.8 7 
Etheostoma rufilineatum redline darter 41 2.0 2 
Etheostoma simoterum snubnose darter 194 9.2 7 
Perca flavescens yellow perch 13 0.6 2 
a
 Captured during qualitative sampling only 
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Table 3. Descriptive statistics for biotic parameters calculated from 21 stream sites in the  
Chattanooga area (Tennessee-Georgia), May-July 2008. 
Parameter Mean SD Range 
IBI 34 5 24-42 
Shannon's diversity 1.74 0.39 1.05-2.44 
Shannon's evenness 0.69 0.10 0.51-0.84 
Simpson's dominance 0.25 0.11 0.11-0.48 
Species richness 11.8 5.0 3-22 
Abundance (fish/100 m2) 83.3 76.2 6.6-316.8 
Introduced species (%) 18.0 21.8 0.2-86.4 
 Cyprinidae (%) 55.3 27.9 1.5-89.4 
 Catostomidae (%) 2.1 1.9 0.0-6.3 
Cottidae (%) 2.0 4.0 0.0-14.9 
 Centrarchidae (%) 29.3 23.3 1.4-75.0 
 Percidae (%) 3.5 4.0 0.0-15.4 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 35 
 
Table 4. Pearson correlation coefficients (r) for relationships of land-use parameters with 
stream habitat parameters for 21 stream sites in the Chattanooga area (Tennessee-
Georgia), May-July, 2008.  Significant relationships are denoted with an asterisk (*P ≤ 
0.10; **P ≤ 0.05).  CV = Coefficient of variation. 
Habitat parameter Building density (units/hectare) 
Urban land-use 
(%) 
Water quality 
     Temperature (C) 0.238 - -0.390 * 
     Dissolved oxygen (mg/L) -0.323  -0.375 * 
     pH -0.255  -0.226 
 
     Conductivity (µS/cm) 0.211 - -0.407 * 
Hydrology 
     CV discharge -0.249  -0.089  
     CV current velocity -0.128  -0.247  
Habitat type (%) 
      Pool  0.349 - -0.480 ** 
      Riffle  -0.294  -0.518 ** 
      Run  -0.285  -0.306  
Stream morphology 
     Stream shape indexa -0.265  -0.322 
 
     CV of stream shape index (%) 0.148 - 0.008 - 
     CV of thalweg depth (%) -0.259  -0.388 * 
Channel morphology 
     Channel shape indexb -0.015  -0.201 
 
     CV of channel shape index (%) -0.366  -0.451 ** 
     Bank angle (ο) -0.167  -0.097  
     CV of bank angle (%)  -0.137  -0.151  
     Sinuosity -0.117  -0.290 
 
Substrate substrate 
     Fine sediment (%) 0.323 - -0.414 * 
     Shannon’s diversity -0.013  0.034 - 
Instream features (%) 
     Macrophytes 0.041 - -0.028  
     Large woody debris -0.226  -0.204  
     Bar/island 0.135 - -0.064  
     Artificial material 0.214 - -0.073  
Riparian (%) 
     Natural land cover  -0.132 -     --   -0.013  
aStream width:depth ratio 
bChannel width:depth ratio 
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Table 5.  Pearson correlation coefficients (r) for relationships of land-use parameters with 
biotic parameters for 21 stream sites in the Chattanooga area (Tennessee-Georgia), May-
July, 2008.  Significant relationships are denoted with an asterisk (*P ≤ 0.10; **P ≤ 
0.05). 
Biotic parameter Building density (units/hectare) Urban land-use (%) 
IBI -0.140  -0.381 * 
Shannon’s diversity -0.488 ** -0.412 * 
Shannon’s evenness -0.161 
 
-0.137 
 
Simpson’s dominance 0.469 ** 0.407 * 
Species richness -0.538 ** -0.488 ** 
Abundance (fish/100m2) -0.286 
 
-0.485 ** 
Introduced species (%) 0.427 * 0.546 ** 
Cyprinidae (%) -0.324 
 
-0.522 ** 
Catostomidae (%) -0.195 
 
-0.338 
 
Cottidae (%) -0.367 
 
-0.349 
 
Centrarchidae (%) -0.110 
 
-0.387 * 
Percidae (%) 
-0.434 ** -0.563 ** 
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Table 6.  Mean values for stream habitat parameters measured from 10 Chattanooga area 
(TN) sites in 1998 (Schorr et al., 2001) and 2008.  Paired t-test results (t-statistics and p-
values) are displayed, and significant differences (2008-1998) are denoted with an 
asterisk (*P ≤ 0.10).     
   Paired t-test 
Habitat parameter 1998 2008 t-statistic P-value 
Water quality and discharge 
     Temperature (C) 19.9 20.4 -1.55 0.154  
     Dissolved oxygen (mg/L) 8.5 8.2 -1.08 0.309  
     pH 7.7 7.7 -0.22 0.799  
     Conductivity (µS/cm) 325.8 334.9 -0.93 0.373  
     Discharge (m3/s) 0.030 0.023 -2.33 0.044 * 
     CV discharge 37.0 61.4 -3.65 0.005 * 
Substrate 
     Shannon’s diversity 1.0 0.99 -0.18 0.863  
     Fine sediment (%) 19.8 23.2 -1.35 0.211  
Channel morphology 
     CV thalweg depth 60.2 77.3 -0.43 0.679  
     Stream shape indexa 36.9 45.2 -1.93 0.086 * 
Riparian(%) 
     Natural land cover 43.4 54.1 -1.84 0.098 * 
Geomorphic channel units (%) 
      Pool  51.9 34.6 -3.27 0.009 * 
      Riffle  20.5 25.4 -1.52 0.163 
 
      Run  28.3 39.9 -1.85 0.097 * 
aCoefficient of variation; bStream width:depth ratio 
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Table 7.  Mean values for biotic parameters measured from 10 Chattanooga area (TN) 
sites in 1998 (Schorr et al., 2001) and 2008.  Paired t-test results (t-statistics and p-
values) are displayed, and significant differences (2008-1998) are denoted with an 
asterisk (*P ≤ 0.10).     
   Paired t-test 
Biotic parameter 1998 2008 t-statistic P-value 
IBI 36 35 -0.58 0.575  
Shannon’s diversity 1.71 1.79 -0.99 0.343 
 
Shannon’s evenness 0.64 0.66 -1.58 0.148 
 
Simpson’s dominance 0.28 0.25 --1.44 0.183 
 
Species richness 13.3 13.8 -0.62 0.551 
 
Abundance (fish/100m2) 136.2 103.6 -2.31 0.046 * 
Introduced species (%) 6.7 12.1 --1.91 0.088 * 
Cyprinidae (%) 58.5 63.7 -0.75 0.473 
 
Catostomidae (%) 2.0 2.8 -0.99 0.349 
 
Cottidae (%) 13.3 4.8 -3.99 0.003 * 
Centrarchidae (%) 20.6 25.9 -0.95 0.365 
 
Percidae (%) 4.2 3.1 -0.64 0.540  
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Table 8.  Mean values (grouped by fast and slow relative growth in urban land use) for 
stream habitat parameters measured from 10 Chattanooga area (TN) sites in 1998 
(Schorr et al., 2001) and 2008.  Significant differences between grouped means (2008-
1998) are denoted with an asterisk (*P ≤ 0.10; **P ≤ 0.05).     
 Fast Growth Sites (n = 5) 
 
Slow Growth Sites (n = 5) 
Habitat parameter 1998 2008   1998 2008  
Water quality and discharge 
     Temperature (˚C) 20.3 20.6   19.4 20.2 * 
     Dissolved oxygen 
(mg/L) 8.76 8.65   8.15 7.68  
     pH 7.8 7.9   7.7 7.6 
 
     Conductivity (µS/cm) 317.3 334.3   334.3 335.4 
 
     Discharge (m3/s) 0.022 0.019   0.037 0.026 * 
     CV discharge 42.1 56.5   31.8 66.3 ** 
Substrate 
     Shannon’s diversity 1.13 1.13   0.89 0.87  
     Fine sediment (%) 13.3 17.2   26.2 29.1  
Channel morphology 
     CVa thalweg depth 61.5 100.8   58.9 53.9  
     Stream shape indexb 37.5 54.28 *  36.3 36.1  
Riparian (%) 
     Natural land cover 39.8 52.3   46.9 55.8  
Geomorphic channel units (%) 
      Pool  50.5 31.4 **  51.9 37.9  
      Riffle  24.4 27.4 
 
 16.5 23.4  
      Run 25.1 41.1 *  31.6 38.7  
aCoefficient of variation;  bStream width:depth ratio 
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Table 9.  Mean values (grouped by fast and slow relative growth in urban land use) for 
biotic parameters measured from 10 Chattanooga area (TN) sites in 1998 (Schorr et al., 
2001) and 2008.  Significant differences between grouped means (2008-1998) are 
denoted with an asterisk  
(*P ≤ 0.10; **P ≤ 0.05).     
 Fast Growth Sites (n = 5) 
 
Slow Growth Sites (n =5) 
Biotic parameter 1998 2008   1998 2008  
IBI 40 35 *  34 36  
Shannon’s diversity 1.75 1.67 
 
 1.67 1.90 ** 
Shannon’s evenness 0.63 0.64 
 
 0.63 0.68 * 
Simpson’s dominance 0.26 0.28 
 
 0.29 0.21 ** 
Species richness 14.0 11.8 **  13.6 14.8  
Abundance (fish/100m2) 150.2 87.1 **  122.1 120.0  
Introduced species (%) 6.5 9.7   7.0 14.6  
Cyprinidae (%) 53.2 64.9   63.8 62.4  
Catostomidae (%) 2.4 2.7   1.7 2.8  
Cottidae (%) 15.9 3.0   10.8 1.9  
Centrarchidae (%) 22.8 25.9   18.5 25.9  
Percidae (%) 4.6 1.9   3.8 4.4  
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Appendix B.  Stream water quality and discharge (mean (SD), range, n = 5 sampling dates) at 21 
sites in the Chattanooga area (Tennessee-Georgia), May-July 2008.   
Site 
Temperature 
(˚C) 
Dissolved 
oxygen (mg/l) pH 
Conductivity 
(µS/cm) 
Discharge 
(m3/s) 
      
BC-2 19.2 10.3 8.0 391.6 0.022 
(1.6) (0.9) (0.09) (79.5) (0.015) 
18.0-21.9 9.6-11.9 7.9-8.2 251-443 0.001-0.045 
      
BC-3 20.1 9.9 8.0 391.6 0.032 
(2.3) (0.5) (0.05) (95.4) (0.017) 
17.6-23.7 9.3-10.5 7.9-8.0 222-450 0.007-0.047 
      
CC-1 23.7 6.4 7.6 325.2 0.004 
(1.7) (1.1) (0.10) (83.3) (0.003) 
21.9-25.9 5.3-8.1 7.5-7.8 200-406 0.001-0.008 
      
CC-4 20.5 6.7 7.8 560.4 0.001 
(2.2) (1.1) (0.05) (150.4) (0.001) 
18.5-23.7 5.5-8.3 7.8-7.9 306-685 0.000-0.002 
      
FB-1 19.8 7.4 7.5 408.6 0.001 
(2.2) (0.9) (0.05) (87.0) (0.001) 
17.1-23.0 6.6-8.9 7.4-7.6 254-456 0.000-0.003 
      
FB-3 19.8 8.1 7.7 381.6 0.057 
(1.6) (0.7) (0.07) (81.3) (0.031) 
18.5-22.5 6.9-8.8 7.7-7.8 237-431 0.034-0.112 
      
MB-2 18.3 8.8 7.6 319.0 0.024 
(1.4) (0.4) (0.10) (65.5) (0.011) 
17.0-20.4 8.2-9.2 7.5-7.7 203-362 0.016-0.042 
      
MB-4 21.3 8.6 7.9 333.4 0.016 
(2.8) (0.3) (0.02) (66.6) (0.006) 
17.9-24.8 8.2-9.0 7.8-7.9 215-376 0.012-0.027 
      
MC-1 20.5 8.3 7.8 281.8 0.007 
(1.6) (0.6) (0.06) (55.9) (0.003) 
19.1-22.4 7.7-9.3 7.8-8.0 191-331 0.004-0.011 
      
MC-2 21.8 6.2 7.6 273 0.022 
(1.8) (1.2) (0.09) (60.9) (0.017) 
19.7-24.0 4.5-7.4 7.5-7.7 166-315 0.006-0.049 
      
MC-4 22.1 6.6 7.5 277.6 0.030 
(2.1) (1.0) (0.03) (68.3) (0.020) 
19.7-24.8 5.2-8.0 7.5-7.6 156-316 0.011-0.060 
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Appendix B.  Continued. 
Site 
Temperature 
(˚C) 
Dissolved 
oxygen (mg/l) pH 
Conductivity 
(µS/cm) 
Discharge 
(m3/s) 
      
NB-4 20.9 7.6 7.7 290.4 0.021 
(1.6) (0.9) (0.07) (65.2) (0.013) 
19.3-23.6 6.8-9.0 7.6-7.8 175-334 0.006-0.032 
      
PC-1 19.4 8.5 7.9 304.6 0.016 
(2.6) (0.5) (0.03) (66.1) (0.012) 
16.9-23.3 7.7-9.0 7.8-7.9 187-345 0.003-0.034 
      
SB-4 18.1 9.3 7.5 281.0 0.073 
(0.8) (0.9) (0.13) (60.1) (0.012) 
17.1-19.3 7.9-10.4 7.3-7.6 196-328 0.060-0.088 
      
SW-10 21.2 7.2 7.5 420.2 0.002 
(2.2) (2.2) (0.04) (107.1) (0.004) 
18.0-24.1 3.3-8.6 7.5-7.6 245-515 0.000-0.009 
      
SW-16 21.1 8.3 8.0 410.6 0.016 
(1.8) (0.5) (0.09) (89.1) (0.018) 
19.1-23.6 7.6-8.8 7.8-8.0 254-468 0.002-0.046 
      
SW-19 20.5 8.8 7.8 300.2 0.011 
(2.2) (0.4) (0.09) (62.2) (0.008) 
17.7-23.1 8.3-9.4 7.7-7.9 189-331 0.004-0.024 
      
SW-25 27.0 9.8 8.0 259.5 0.003 
(3.9) (1.8) (0.35) (60.0) (0.004) 
23.6-32.6 8.0-11.5 7.7-8.5 217-344 0.000-0.009 
      
SW-34 21.2 4.2 7.3 467.2 0.000 
(2.0) (1.7) (0.07) (169.4) (0.000) 
19.6-24.1 2.8-6.3 7.2-7.4 195-655 0.000-0.000 
      
SW-39 21.9 8.8 8.0 328.0 0.013 
(2.3) (0.6) (0.04) (106.4) (0.003) 
19.8-25.2 8.2-9.6 7.9-8.1 139-385 0.009-0.017 
      
TC-3 21.5 9.2 7.9 224.4 0.036 
(2.4) (0.7) (0.13 (57.9) (0.039) 
18.5-24.3 8.0-9.8 7.7-8.0 122-261 0.009-0.103 
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Appendix C.  Current velocity and channel morphology [mean (SD), n = 13 stream-width transects 
per site] at 21 sites in the Chattanooga area (Tennessee-Georgia), May-June 2008. 
  Channel morphology 
Site 
Current 
velocity 
(m/s) 
Stream 
width 
(m) 
Stream 
depth 
(cm) 
Thalweg 
depth 
(cm) 
Stream 
shape  
index 
Channel 
width 
(m) 
Channel 
depth 
(cm) 
Channel 
shape  
index 
         
BC-2 0.08 5.2 11.4 26.6 66.8 8.6 96.7 9.1 
(0.14) (1.7) (12.1) (30.2) (35.4) (1.9) (24.4) (2.1) 
         
BC-3 0.14 4.8 11.0 19.2 56.6 8.0 70.9 12.4 
(0.10) (1.0) (6.2) (7.7) (29.5) (1.0) (16.1) (6.5) 
         
CC-1 0 4.3 28.3 47.2 16.5 5.8 63.1 9.6 
(0) (0.6) (8.9) (13.4) (4.8) (0.8) (14.0) (2.6) 
         
CC-4 0.01 1.9 4.8 10.5 123.0 5.4 47.7 11.7 
(0.02) (0.5) (2.9) (4.5) (265.5) (0.6) (9.6) (2.8) 
         
FB-1 0.02 2.7 14.3 27.2 34.7 5.0 69.6 7.5 
(0.05) (1.0) (11.3) (22.4) (27.8) (0.7) (15.0) (1.8) 
         
FB-3 0.23 7.6 20.5 35.0 54.1 10.2 91.0 11.5 
(0.27) (1.5) (9.8) (13.5) (43.9) (1.9) (11.2) (2.8) 
         
MB-2 0.15 3.7 20.6 36.4 26.1 5.9 51.1 12.8 
(0.18) (1.0) (12.7) (19.1) (18.4 (1.6) (16.4) (5.8) 
         
MB-4 0.05 4.9 25.2 49.6 44.6 6.8 49.4 16.1 
(0.12) (1.2) (20.6) (29.3) (40.6) (1.4) (16.2) (8.6) 
         
MC-1 0.03 3.7 16.7 33.5 29.5 6.7 68.7 10.6 
(0.05) (1.3) (9.2) (13.8) (20.8) (2.0) (14.9) (5.4) 
         
MC-2 0.05 5.6 13.9 31.5 73.8 9.5 93.0 10.9 
(0.08) (1.2) (11.9) (24.0) (53.3) (1.8) (20.7) (4.7) 
         
MC-4 0.02 5.0 31.1 52.5 22.4 7.9 78.1 11.4 
(0.04) (1.3) (19.9) (28.0) (13.1) (1.1) (27.7) (4.7) 
         
NB-4 0.05 5.0 15.4 28.4 43.2 7.8 73.1 10.8 
(0.11) (0.9) (6.9) (12.1) (39.8) (1.0) (10.5) (1.7) 
         
PC-1 0.17 4.9 14.5 27.7 52.4 9.2 89.5 11.1 
(0.28) (1.5) (9.5) (14.3) (43.9) (1.3) (23.7) (3.8) 
         
SB-4 0.20 5.9 14.2 26.2 57.7 8.6 85.1 10.5 
(0.16) (1.3) (8.6) (14.0) (39.2) (0.6) (16.6) (2.2) 
         
SW-10 0 3.3 6.3 13.1 89.2 6.2 54.2 12.2 
(0) (1.0) (4.0) (7.7) (82.4) (0.8) (17.4) (3.0) 
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Appendix C. Continued. 
  Channel morphology 
Site 
Current 
velocity 
(m/s) 
Stream 
width 
(m) 
Stream 
depth 
(cm) 
Thalweg 
depth 
(cm) 
Stream 
shape 
index 
Channel 
width 
(cm) 
Channel 
depth 
(cm) 
Channel 
shape  
index 
         
SW-16 0.02 4.7 28.3 50.4 18.7 5.7 72.9 8.1 
(0.03) (0.7) (10.6) (19.3) (7.1) (0.8) (15.7) (1.8) 
         
SW-19 0.23 2.8 11.5 22.8 48.9 6.6 32.8 21.2 
(0.23) (1.0) (11.6) (19.0) (47.8) (2.1) (8.0) (7.5) 
         
SW-25 0.04 2.1 11.3 20.8 25.6 6.7 44.6 15.4 
(0.08) (1.0) (8.4) (13.6) (13.9) (0.7) (7.0) (3.7) 
         
SW-34 0 7.2 25.7 43.5 35.8 8.4 98.8 8.7 
(0) (0.9) (9.6) (12.9) (28.4) (0.6) (12.4) (1.8) 
         
SW-39 0.14 3.8 11.4 24.5 52.0 6.0 85.7 7.2 
0.23 (1.0) (8.7) (19.0) (36.2) (0.6) (13.2) (1.7) 
         
TC-3 0.13 4.7 11.7 25.1 56.9 9.5 88.9 11.7 
(0.20) (1.7) (9.8) (13.2) (32.0) (1.6) (22.1) (5.3) 
         
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 58 
 
Appendix D. Habitat diversity indices (n = 13 stream/channel width transects) at 21 sites 
in the Chattanooga area (Tennessee-Georgia), May-July 2008.  CV = coefficient of 
variation. 
Site 
CV current 
velocity 
(%) 
CV 
thalweg 
depth (%) 
CV stream 
shape 
index (%) 
CV channel 
shape index 
(%) 
CV bank 
angle (%) 
Substrate 
diversity 
(H’) 
BC-2 71.28 113.30 53.06 23.50 30.72 1.30 
BC-3 52.17 40.23 52.10 52.33 22.96 1.22 
CC-1 78.20 28.29 29.12 27.13 22.13 1.11 
CC-4 129.48 43.39 215.87 24.19 24.28 1.46 
FB-1 102.91 82.27 80.28 24.32 26.83 0.85 
FB-3 54.48 38.60 81.06 24.78 30.61 0.86 
MB-2 45.74 52.50 70.67 45.28 35.13 0.94 
MB-4 40.21 59.00 90.89 53.00 31.70 1.13 
MC-1 41.48 41.13 70.36 50.96 27.22 1.18 
MC-2 77.58 76.07 72.25 43.36 25.37 0.80 
MC-4 67.15 53.38 58.75 41.47 23.77 0.78 
NB-4 61.23 42.56 92.26 16.02 20.79 0.93 
PC-1 74.41 51.52 83.87 33.99 32.83 1.22 
SB-4 16.53 53.64 67.95 20.98 21.79 0.91 
SW-10 151.89 58.78 92.44 24.57 21.19 0.77 
SW-16 113.84 38.29 37.96 22.70 38.22 1.15 
SW-19 67.50 83.47 97.72 35.43 35.82 0.83 
SW-25 150.99 65.52 54.18 23.69 40.74 1.30 
SW-34 0.00 29.70 79.38 20.74 14.64 0.80 
SW-39 22.98 77.74 69.57 23.12 20.71 0.99 
TC-3 107.59 52.56 56.15 45.22 28.55 1.17 
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Appendix E.  Streambed substrate features [mean (SD), n = 13 stream-width transects per site] at 21 
sites in the Chattanooga area (Tennessee-Georgia), May-July 2008. 
 
Substrate coverage (%) 
Site Sediment Gravel Cobble Boulder Bedrock Artificial 
       
BC-2 4.9 40.0 23.6 3.1 28.4 0.0 
(5.6) (29.4) (24.1) (6.9) (42.3) (0.0) 
       
BC-3 6.2 34.9 47.2 5.3 6.4 0.0 
(8.3) (21.8) (29.1) (11.7) (23.1) (0.0) 
       
CC-1 41.7 41.4 7.4 7.3 0.0 2.2 
(13.7) (14.4) (13.0) (7.1) (0.0) (7.5) 
       
CC-4 4.0 26.9 31.6 14.4 22.4 0.6 
(5.6) (16.1) (17.0) (12.6) (28.5) (2.3) 
       
FB-1 14.6 70.6 13.0 1.1 0.0 0.7 
(12.0) (18.6) (11.5) (3.9) (0.0) (1.8) 
       
FB-3 23.5 65.6 10.0 0.0 1.0 0.0 
(14.3) (18.3) (18.3) (0.0) (3.6) (0.0) 
       
MB-2 50.0 39.1 9.4 1.1 0.0 0.4 
(30.3) (29.1) (12.9) (4.0) (0.0) (1.5) 
       
MB-4 41.0 43.5 2.6 0.9 11.0 1.0 
(29.5) (23.1) (6.2) (2.4) (15.5) (3.5) 
       
MC-1 19.1 60.6 8.4 2.6 9.3 0.0 
(12.5) (20.2) (8.5) (4.4) (12.9) (0.0) 
       
MC-2 14.9 73.2 11.0 0.8 0.0 0.0 
(14.1) (15.4) (6.9) (2.9) (0.0) (0.0) 
       
MC-4 48.5 47.0 1.4 0.0 0.5 2.6 
(21.9) (24.1) (4.1) (0.0) (1.7) (9.2) 
       
NB-4 8.9 68.1 19.2 0.6 3.0 0.1 
(9.4) (12.9) (12.1) (2.1) (5.7) (0.5) 
       
PC-1 16.0 7.4 50.1 0.0 25.8 0.0 
(13.5) (5.5) (35.1) (0.0) (24.5) (0.0) 
       
SB-4 8.7 68.0 18.3 3.9 0.0 1.0 
(6.7) (13.7) (11.7) (8.7) (0.0) (1.7) 
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Appendix E.  Continued. 
 Substrate coverage (%) 
Site Sediment Gravel Cobble Boulder Bedrock Artificial 
       
SW-10 6.2 75.9 14.7 1.7 0.0 1.4 
(7.7) (15.0) (12.0) (4.2) (0.0) (2.9) 
       
SW-16 52.7 30.0 2.5 8.3 6.5 0.0 
(25.4) (23.2) (5.8) (17.9) (16.3) (0.0) 
       
SW-19 3.3 48.8 45.4 0.0 0.0 2.6 
(6.4) (19.9) (20.5) (0.0) (0.0) (9.2) 
       
SW-25 19.8 41.1 2.8 2.3 26.4 7.7 
(17.3) (28.9) (5.4) (4.5) (29.6) (27.7) 
       
SW-34 30.1 64.3 2.9 1.1 0.2 1.0 
(17.1) (16.4) (7.1) (3.9) (0.8) (2.6) 
       
SW-39 34.3 52.3 11.8 0.3 0.0 1.4 
(25.7) (24.3) (9.6) (1.1) (0.0) (2.4) 
       
TC-3 7.9 42.3 10.7 0.0 39.1 0.0 
(9.9) (20.6) (9.6) (0.0) (22.8) (0.0) 
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Appendix F.  Instream habitat types (estimated from one reach-length transect per site) 
at 21 sites in the Chattanooga area (Tennessee-Georgia), May-July 2008. 
Site Pool (%) Riffle (%) Run (%) 
BC-2 11.2 41.1 47.7 
BC-3 9.7 37.1 53.1 
CC-1 80.8 6.9 12.3 
CC-4 34.0 10.0 56.0 
FB-1 40.0 20.9 39.1 
FB-3 4.3 28.3 67.4 
MB-2 45.6 33.3 21.1 
MB-4 44.0 10.9 45.1 
MC-1 61.7 19.1 19.1 
MC-2 30.3 29.0 40.7 
MC-4 62.4 16.4 21.2 
NB-4 37.1 18.3 44.6 
PC-1 29.9 24.9 45.2 
SB-4 15.9 44.5 39.5 
SW-10 60.4 15.3 24.3 
SW-16 50.9 8.5 40.6 
SW-19 17.0 49.1 34.0 
SW-25 51.9 12.0 36.1 
SW-34 100.0 0.0 0.0 
SW-39 18.9 24.6 56.6 
TC-3 15.6 25.5 58.9 
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Appendix G.  Instream habitat features (mean (SD), n = 13 stream-width transects) for 
21 streams in the Chattanooga area (Tennessee-Georgia), May-July 2008. 
 Instream features (%) 
Site Undercut bank 
Aquatic 
macrophyte 
Large 
woody 
debris 
Small 
woody 
debris 
Bar/island Artificial 
       
BC-2 0.28 0.02 0.04 0.14 0.10 0.00 
(0.17) (0.08) (0.11) (0.23) (0.36) (0.00) 
       
BC-3 0.00 0.00 0.15 0.00 0.00 0.00 
(0.00) (0.00) (0.37) (0.00) (0.00) (0.00) 
       
CC-1 0.35 0.00 0.01 0.04 0.00 0.00 
(0.33) (0.00) (0.03) (0.07) (0.00) (0.00) 
       
CC-4 0.00 0.00 0.00 0.06 0.18 0.03 
(0.00) (0.00) (0.00) (0.12) (0.40) (0.06) 
       
FB-1 0.33 0.05 0.04 0.38 0.00 0.03 
(0.21) (0.19) (0.14) (0.40) (0.00) (0.06) 
       
FB-3 0.14 0.04 0.45 0.18 0.08 0.00 
(0.08) (0.14) (0.58) (0.46) (0.28) (0.00) 
       
MB-2 0.30 0.09 0.32 0.10 0.00 0.02 
(0.29) (0.18) (0.70) (0.36) (0.00) (0.06) 
       
MB-4 0.25 1.8 0.17 0.95 0.09 0.00 
(0.21) (1.94) (0.25) (1.31) (0.23) (0.00) 
       
MC-1 0.30 0.00 0.09 0.08 0.00 0.00 
(0.34) (0.00) (0.17) (0.16) (0.00) (0.00) 
       
MC-2 0.35 0.00 0.29 0.23 0.11 0.01 
(0.07) (0.00) (0.61) (0.31) (0.27) (0.03) 
       
MC-4 0.90 0.00 0.14 0.51 0.08 0.00 
(0.00) (0.00) (0.14) (0.71) (0.22) (0.00) 
       
NB-4 0.15 0.00 0.16 0.34 0.00 0.08 
(0.07) (0.00) (0.38) (0.35) (0.00) (0.19) 
       
PC-1 0.75 0.05 0.24 0.05 0.22 0.00 
(0.78) (0.12) (0.43) (0.09) (0.53) (0.00) 
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Appendix G. Continued. 
 Instream features (%) 
Site Undercut bank 
Aquatic 
macrophyte 
Large 
woody 
debris 
Small 
woody 
debris 
Bar/isle Artificial 
       
SB-4 0.15 0.05 0.04 0.14 0.09 0.03 
 (0.07) (0.19) (0.14) (0.28) (0.33) (0.08) 
       
SW-10 0.20 0.00 0.02 0.38 0.17 0.02 
(0.00) (0.00) (0.04) (0.25) (0.42) (0.06) 
       
SW-16 0.34 0.00 0.18 0.02 0.02 0.00 
(0.32) (0.00) (0.16) (0.06) (0.06) (0.00) 
       
SW-19 0.00 0.00 0.08 0.16 0.31 0.00 
(0.00) (0.00) (0.26) (0.22) (0.52) (0.00) 
       
SW-25 0.00 0.18 0.05 0.04 0.00 0.00 
(0.00) (0.31) (0.10) (0.11) (0.00) (0.00) 
       
SW-34 0.17 0.00 0.15 0.21 0.00 0.04 
(0.05) (0.00) (0.20) (0.24) (0.00) (0.11) 
       
SW-39 0.30 0.00 0.03 0.35 0.22 0.03 
(0.20) (0.00) (0.08) (0.61) (0.47) (0.08) 
       
TC-3 0.10 0.41 0.11 0.11 0.16 0.00 
(0.00) (1.06) (0.33) (0.21) (0.48) (0.00) 
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Appendix H.  Riparian land cover percentages (mean (SD), n = 5 100-m transects on each bank) for 
artificial landscapes at 21 sites in the Chattanooga area (Tennessee-Georgia), May-July, 2008. 
 Artificial landscapes (%) 
Site Commercial Industrial Residential Powerline Road Construction Agriculture 
        
BC-2 13.2 0.0 3.2 5.7 15.3 0.0 0.0 
(18.5) (0.0) (5.2) (12.7) (17.7) (0.0) (0.0) 
        
BC-3 0.0 17.9 0.0 0.0 0.8 0.0 0.0 
(0.0) (11.4) (0.0) (0.0) (1.8) (0.0) (0.0) 
        
CC-1 69.3 0.0 2.6 0.0 0.2 0.0 0.0 
(16.6) (0.0) (5.8) (0.0) (0.4) (0.0) (0.0) 
        
CC-4 18.6 0.0 16.8 0.0 3.4 0.0 0.0 
(25.5) (0.0) (23.0) (0.0) (3.2) (0.0) (0.0) 
        
FB-1 28.6 0.0 1.2 0.0 5.2 28.3 0.0 
(26.2) (0.0) (2.7) (0.0) (9.5) (25.9) (0.0) 
        
FB-3 6.9 0.0 0.0 0.0 3.0 0.0 0.0 
(12.6) (0.0) (0.0) (0.0) (6.7) (0.0) (0.0) 
        
MB-2 0.0 0.0 49.3 0.0 5.0 0.0 0.0 
(0.0) (0.0) (16.4) (0.0) (5.9) (0.0) (0.0) 
        
MB-4 0.0 0.0 76.8 0.0 6.8 0.0 0.0 
(0.0) (0.0) (17.2) (0.0) (3.5) (0.0) (0.0) 
        
MC-1 0.0 0.0 23.6 0.0 2.1 0.0 0.0 
(0.0) (0.0) (11.2) (0.0) (2.9) (0.0) (0.0) 
        
MC-2 0.0 0.0 54.3 0.0 6.5 0.0 13.4 
(0.0) (0.0) (36.0) (0.0) (2.3) (0.0) (18.4) 
        
MC-4 37.7 0.0 0.0 0.0 17.0 0.0 0.0 
(6.3) (0.0) (0.0) (0.0) (9.5) (0.0) (0.0) 
        
NB-4 0.0 0.0 7.8 0.0 0.4 0.0 30.4 
(0.0) (0.0) (10.8) (0.0) (0.9) (0.0) (23.5) 
        
PC-1 0.0 0.0 0.0 0.0 0.0 0.0 88.9 
(0.0) (0.0) (0.0) (0.0) (0.0) (0.0) (3.1) 
        
SB-4 3.6 0.0 0.6 0.0 25.8 0.0 0.0 
(8.0) (0.0) (1.3) (0.0) (16.6) (0.0) (0.0) 
        
        
        
        
        
        
        
 65 
 
Appendix H.  Continued. 
 Artificial landscapes (%) 
Site Commercial Industrial Residential Powerline Road Construction Agriculture 
        
SW-10 0.0 0.0 23.6 0.0 48.6 2.3 0.0 
(0.0) (0.0) (8.9) (0.0) (18.9) (3.2) (0.0) 
        
SW-16 0.5 0.0 0.0 0.0 0.0 0.0 0.0 
(1.1) (0.0) (0.0) (0.0) (0.0) (0.0) (0.0) 
        
SW-19 26.4 0.0 58.8 0.0 3.9 0.0 0.0 
(17.1) (0.0) (15.1) (0.0) (1.7) (0.0) (0.0) 
        
SW-25 82.5 0.0 0.0 0.0 9.7 0.0 0.0 
(13.1) (0.0) (0.0) (0.0) (3.3) (0.0) (0.0) 
        
SW-34 15.3 0.0 8.6 0.0 36.4 0.0 0.0 
(9.7) (0.0) (13.4) (0.0) (8.8) (0.0) (0.0) 
        
SW-39 7.7 0.0 0.0 0.0 3.3 14.6 0.0 
(7.4) (0.0) (0.0) (0.0) (5.2) (11.2) (0.0) 
        
TC-3 0.0 0.0 17.6 0.0 5.1 0.0 0.0 
(0.0) (0.0) (14.5) (0.0) (6.7) (0.0) (0.0) 
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Appendix I.  Riparian land cover percentages (mean (SD), n = 5 100-m transects on each bank) for 
natural landscapes at 21 sites in the Chattanooga area (Tennessee-Georgia), May-July, 2008. 
 Natural landscapes (%) 
Site Wooded Shrub Meadow Wetland/aquatic 
 
    
BC-2 46.9 6.7 12.3 3.4 
(19.7) (11.2) (9.8) (7.6) 
     
BC-3 49.8 0.0 2.0 5.8 
(7.1) (0.0) (4.5) (3.4) 
     
CC-1 23.2 6.2 3.8 0.9 
(12.1) (5.3) (3.1) (1.1) 
     
CC-4 55.3 7.6 5.9 0.0 
(17.2) (17.0) (8.6) (0.0) 
     
FB-1 34.9 12.4 0.0 1.8 
(40.7) (17.0) (0.0) (4.0) 
     
FB-3 66.4 0.0 9.3 14.4 
(14.8) (0.0) (12.8) (20.2) 
     
MB-2 43.8 0.9 0.0 1.9 
(20.1) (1.3) (0.0) (3.5) 
     
MB-4 16.4 0.2 0.0 0.0 
(15.0) (0.4) (0.0) (0.0) 
     
MC-1 43.8 0.0 8.0 22.5 
(20.0) (0.0) (9.3) (7.4) 
     
MC-2 13.5 1.2 0.7 11.6 
(11.7) (1.4) (1.6) (16.1) 
     
MC-4 44.3 10.5 0.0 1.0 
(11.2) (6.9) (0.0) (1.4) 
     
NB-4 56.0 5.0 0.0 5.4 
(8.4) (11.2) (0.0) (12.1) 
     
PC-1 11.1 0.0 0.0 0.0 
(3.1) (0.0) (0.0) (0.0) 
     
SB-4 70.0 11.4 0.0 0.0 
(12.6) (1.7) (0.0) (0.0) 
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Appendix I.  Continued. 
 Natural landscapes (%) 
Site Wooded Shrub Meadow Wetland/aquatic 
     
SW-10 25.5 2.1 0.0 0.0 
(8.0) (1.7) (0.0) (0.0) 
     
SW-16 38.9 0.0 45.4 0.0 
(12.8) (0.0) (11.4) (0.0) 
     
SW-19 10.5 0.0 0.0 0.4 
(2.6) (0.0) (0.0) (0.9) 
     
SW-25 7.8 2.4 0.0 0.0 
(11.6) (5.4) (0.0) (0.0) 
     
SW-34 25.2 2.6 13.6 0.9 
(13.6) (5.8) (9.5) (2.0) 
     
SW-39 74.4 13.2 0.0 0.0 
(14.5) (9.0) (0.0) (0.0) 
     
TC-3 32.3 0.3 45.0 0.0 
(12.4) (0.7) (3.8) (0.0) 
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Appendix J.1.  Total number of fishes collected and number with anomalies at site BC-2 
in the Black Creek system, Hamilton County, Tennessee, 2008. 
Scientific name Common name Number Anomalie
s 
May 29, 2008 
Campostoma oligolepis largescale stoneroller 293 1 
Luxilus chrysocephalus striped shiner 32 1 
Rhinichthys obtusus western blacknose dace 40 0 
Semotilus atromaculatus creek chub 1 0 
Catostomus commersonnii white sucker 3 0 
Cottus carolinae banded sculpin 82 0 
Lepomis auritus redbreast sunfish 1 0 
Lepomis cyanellus green sunfish 53 0 
Lepomis macrochirus bluegill 41 0 
Micropterus salmoides largemouth bass 4 0 
Etheostoma caeruleum rainbow darter 1 0 
Total   551 2 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 69 
 
Appendix J.2. Total number of fishes collected and number with anomalies at site of BC-
3 in the Black Creek system, Hamiilton County, Tennessee, 2008. 
Scientific name Common name Number Anomalies 
May 7, 2008 
Campostoma oligolepis largescale stoneroller 1042 1 
Hybopsis amblops bigeye chub 44 0 
Luxilus chrysocephalus striped shiner 355 1 
Nocomis micropogon river chub 1 0 
Pimephales notatus bluntnose minnow 91 0 
Rhinichthys obtusus western blacknose dace 5 0 
Gambusia affinis western mosquitofish 3 0 
Cottus carolinae banded sculpin 1 0 
Lepomis auritus redbreast sunfish 46 0 
Lepomis cyanellus green sunfish 64 0 
Lepomis macrochirus bluegill 22 0 
Lepomis megalotis longear sunfish 5 0 
Lepomis punctatus spotted sunfish 33 0 
Micropterus salmoides largemouth bass 1 0 
Etheostoma caeruleum rainbow darter 22 0 
Etheostoma simoterum snubnose darter 30 0 
Total   1765 2 
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Appendix J.3 . Total number of fishes collected and number with anomalies at site CC-1 
in the Citico Creek system, Hamilton County, Tennessee, 2008. 
Scientific name Common name Number Anomalies 
May 30, 2008 
Campostoma oligolepis largescale stoneroller 2 0 
Gambusia affinis western mosquitofish 27 1 
Lepomis auritus redbreast sunfish 87 1 
Lepomis cyanellus green sunfish 6 0 
Lepomis macrochirus bluegill 6 0 
Micropterus salmoides largemouth bass 4 0 
Total   132 2 
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Appendix J.4. Total number of fishes collected and number with anomalies at site CC-4 
in the Citico Creek system, Hamilton County, Tennessee, 2008. 
Scientific name Common name Number Anomalies 
June 25, 2008 
Campostoma oligolepis largescale stoneroller 2 0 
Rhinichthys obtusus western blacknose dace 1 0 
Gambusia affinis western mosquitofish 2 0 
Lepomis cyanellus green sunfish 8 1 
Total   13 1 
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Appendix J.5. Total number of fishes collected and number with anomalies at site FB-1 
in the Friar Branch system, Hamilton County, Tennessee, 2008. 
Scientific name Common name Number Anomalies 
June 30, 2008 
Campostoma oligolepis largescale stoneroller 47 0 
Luxilus chrysocephalus striped shiner 91 0 
Rhinichthys obtusus western blacknose dace 74 1 
Semotilus atromaculatus creek chub 63 1 
Catostomus commersonnii white sucker 15 0 
Gambusia affinis western mosquitofish 1 0 
Lepomis cyanellus green sunfish 14 1 
Lepomis macrochirus bluegill 11 0 
Etheostoma caeruleum rainbow darter 2 0 
Etheostoma simoterum snubnose darter 1 0 
Total   319 3 
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Appendix J.6. Total number of fishes collected and number with anomalies at site FB-3 
in the Friar Branch system, Hamilton County, Tennessee, 2008. 
Scientific name Common name Number Anomalies 
May 14, 2008 
Campostoma oligolepis largescale stoneroller 96 0 
Hybopsis amblops bigeye chub 2 0 
Luxilus chrysocephalus striped shiner 320 4 
Nocomis micropogon river chub 6 1 
Pimephales notatus bluntnose minnow 29 0 
Rhinichthys obtusus western blacknose dace 18 0 
Semotilus atromaculatus creek chub 5 1 
Catostomus commersonnii white sucker 2 0 
Hypentelium nigricans northern hogsucker 30 0 
Ictalurus punctatus channel catfish 1 1 
Fundulus olivaceus blackspotted topminnow 5 0 
Gambusia affinis western mosquitofish 13 0 
Cottus carolinae banded sculpin 25 0 
Lepomis auritus redbreast sunfish 219 4 
Lepomis cyanellus green sunfish 133 38 
Lepomis gulosus warmouth 8 0 
Lepomis macrochirus bluegill 42 0 
Lepomis microlophus redear sunfish 4 0 
Lepomis punctatus spotted sunfish 28 0 
Lepomis hybrids hybrid sunfish 2 0 
Micropterus salmoides largemouth bass 9 0 
Etheostoma blennioides greenside darter 1 1 
Etheostoma caeruleum rainbow darter 47 2 
Etheostoma duryi black darter 2 0 
Etheostoma simoterum snubnose darter 40 0 
Perca flavescens yellow perch 4 0 
Total   1091 52 
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Appendix J.7. Total number of fishes collected and number with anomalies at site MB-2 
in the Mackey Branch system, Hamilton County, Tennessee, 2008. 
Scientific name Common name Number Anomalies 
May 8, 2008 
Campostoma oligolepis largescale stoneroller 464 2 
Luxilus chrysocephalus striped shiner 438 2 
Phoxinis erythrogaster southern redbelly dace 38 0 
Rhinichthys obtusus western blacknose dace 196 2 
Semotilus atromaculatus creek chub 24 0 
Catostomus commersonnii white sucker 48 1 
Hypentelium nigricans northern hogsucker 1 0 
Gambusia affinis western mosquitofish 105 0 
Cottus carolinae banded sculpin 92 1 
Lepomis auritus redbreast sunfish 1 0 
Lepomis cyanellus green sunfish 20 0 
Lepomis macrochirus bluegill 1 0 
Etheostoma caeruleum rainbow darter 9 0 
Etheostoma duryi black darter 95 0 
Total   1532 8 
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Appendix J.8. Total number of fishes collected and number with anomalies at site MB-4 
in the Mackey Branch system, Hamilton County, Tennessee, 2008. 
Scientific name Common name Number Anomalies 
June 26, 2008 
Campostoma oligolepis largescale stoneroller 56 0 
Luxilus chrysocephalus striped shiner 84 0 
Pimephales notatus bluntnose minnow 4 0 
Semotilus atromaculatus creek chub 5 0 
Catostomus commersonnii white sucker 16 0 
Hypentelium nigricans northern hogsucker 1 0 
Gambusia affinis western mosquitofish 12 0 
Ambloplites rupestris rock bass 20 0 
Lepomis auritus redbreast sunfish 95 0 
Lepomis cyanellus green sunfish 11 0 
Lepomis hybrid hybrid sunfish 1 0 
Lepomis macrochirus bluegill 13 0 
Lepomis punctatus spotted sunfish 17 0 
Micropterus salmoides largemouth bass 2 0 
Etheostoma caeruleum rainbow darter 5 3 
Etheostoma simoterum snubnose darter 4 0 
Total   346 3 
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Appendix J.9. Total number of fishes collected and number with anomalies at site MC-1 
in the Mountain Creek system, Hamilton County, Tennessee, 2008. 
Scientific name Common name Number Anomalies 
June 24, 2008 
Campostoma oligolepis largescale stoneroller 58 0 
Luxilus chrysocephalus striped shiner 54 0 
Rhinichthys obtusus western blacknose dace 13 0 
Semotilus atromaculatus creek chub 5 0 
Catostomus commersonnii white sucker 9 0 
Hypentelium nigricans northern hogsucker 7 0 
Lepomis auritus redbreast sunfish 9 0 
Lepomis cyanellus green sunfish 22 0 
Lepomis macrochirus bluegill 75 0 
Micropterus salmoides largemouth bass 1 0 
Etheostoma duryi black darter 3 0 
Total   256 0 
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Appendix J.10. Total number of fishes collected and number with anomalies at site MC-2 
in the Mountain Creek system, Hamilton County, Tennessee, 2008. 
Scientific name Common name Number Anomalies 
July 1, 2008 
Campostoma oligolepis largescale stoneroller 191 0 
Hybopsis amblops bigeye chub 3 0 
Luxilus chrysocephalus striped shiner 318 1 
Pimephales notatus bluntnose minnow 1 0 
Catostomus commersonnii white sucker 7 1 
Hypentelium nigricans northern hogsucker 5 0 
Ameirus natalis yellow bullhead 3 0 
Lepomis auritus redbreast sunfish 64 0 
Lepomis cyanellus green sunfish 8 0 
Lepomis macrochirus bluegill 33 1 
Lepomis microlophus redear sunfish 1 0 
Micropterus coosae redeye bass 8 0 
Micropterus salmoides largemouth bass 5 0 
Etheostoma duryi black darter 18 0 
Total   665 3 
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Appendix J.11. Total number of fishes collected and number with anomalies at site MC-4 
in the Mountain Creek system, Hamilton County, Tennessee, 2008. 
Scientific name Common name Number Anomalies 
July 1, 2008 
Campostoma oligolepis largescale stoneroller 29 0 
Hybopsis amblops bigeye chub 12 0 
Luxilus chrysocephalus striped shiner 22 0 
Notemigonus crysoleucas golden shiner 2 0 
Pimephales notatus bluntnose minnow 46 0 
Catostomus commersonnii white sucker 10 0 
Ameirus natalis yellow bullhead  1 0 
Gambusia affinis western mosquitofish 4 0 
Cottus carolinae banded sculpin 2 0 
Lepomis auritus redbreast sunfish 181 0 
Lepomis cyanellus green sunfish 40 0 
Lepomis gulosus warmouth 7 0 
Lepomis macrochirus bluegill 112 1 
Lepomis megalotis longear sunfish 2 0 
Lepomis microlophus redear sunfish 18 0 
Micropterus coosae redeye bass 1 0 
Micropterus salmoides largemouth bass 3 0 
Etheostoma duryi black darter 4 0 
Total   496 1 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 79 
 
Appendix J.12.  Total number of fishes collected and number with anomalies at site NB-4 
in the Ninemile Branch system, Hamilton County, Tennessee, 2008. 
Scientific name Common name Number Anomalies 
June 24, 2008 
Campostoma oligolepis largescale stoneroller 336 0 
Hybopsis amblops bigeye chub 16 0 
Luxilus chrysocephalus striped shiner 343 1 
Rhinichthys obtusus western blacknose dace 38 0 
Semotilus atromaculatus creek chub 11 0 
Catostomus commersonnii white sucker 4 0 
Hypentelium nigricans northern hogsucker 7 0 
Ameirus natalis yellow bullhead 2 0 
Gambusia affinis western mosquitofish 4 0 
Cottus carolinae banded sculpin 5 0 
Ambloplites rupestris rock bass 1 0 
Lepomis auritus redbreast sunfish 49 0 
Lepomis cyanellus green sunfish 3 0 
Lepomis gulosus warmouth 1 0 
Lepomis macrochirus bluegill 10 0 
Lepomis microlophus redear sunfish 2 0 
Micropterus salmoides largemouth bass 9 0 
Etheostoma caeruleum rainbow darter 17 0 
Etheostoma duryi black darter 27 0 
Total   885 1 
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Appendix J.13. Total number of fishes collected and number with anomalies at site PC-1 
in the Pope Creek system, Hamilton County, Tennessee, 2008. 
Scientific name Common name Number Anomalies 
May 22, 2008 
Campostoma oligolepis largescale stoneroller 298 14 
Cyprinella galactura whitetail shiner 1 0 
Luxilus chrysocephalus striped shiner 195 71 
Rhinichthys obtusus western blacknose dace 23 7 
Semotilus atromaculatus creek chub 39 20 
Hypentelium nigricans northern hogsucker 33 0 
Moxostoma erythrurum golden redhorse 1 0 
Moxostoma duquesnei black redhorse 2 0 
Ameirus melas black bullhead Qa 0 
Ameirus natalis yellow bullhead 2 1 
Gambusia affinis western mosquitofish 11 0 
Cottus carolinae banded sculpin 6 0 
Ambloplites rupestris rock bass 1 0 
Lepomis auritus redbreast sunfish 116 2 
Lepomis cyanellus green sunfish 24 0 
Lepomis macrochirus bluegill 23 0 
Lepomis punctatus spotted sunfish 122 0 
Micropterus coosae redeye bass 9 0 
Micropterus punctulatus spotted bass 2 0 
Micropterus salmoides largemouth bass 4 0 
Etheostoma blennioides greenside darter 1 0 
Etheostoma caeruleum rainbow darter 2 0 
Etheostoma rufilineatum redline darter 12 0 
Etheostoma simoterum snubnose darter 84 0 
Total   1011 115 
a
 Captured during qualitative sampling 
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Appendix J.14. Total number of fishes collected and number with anomalies at site SB-4 
in the Stringers Branch system, Hamilton County, Tennessee, 2008. 
Scientific name Common name Number Anomalies 
June 4, 2008 
Campostoma oligolepis largescale stoneroller 314 1 
Hybopsis amblops bigeye chub 3 0 
Luxilus chrysocephalus striped shiner 15 1 
Rhinichthys atratulus western blacknose dace 669 1 
Semotilus atromaculatus creek chub 39 3 
Catostomus commersonnii white sucker 60 0 
Lepomis auritus redbreast sunfish 18 0 
Lepomis cyanellus green sunfish 9 0 
Lepomis macrochirus bluegill 18 0 
Etheostoma duryi black darter 36 0 
Total   1181 6 
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Appendix J.15. Total number of fishes collected and number with anomalies at site SW-
10 in the Friar Branch system, Hamilton County, Tennessee, 2008. 
Scientific name Common name Number Anomalies 
June 25, 2008 
Campostoma oligolepis largescale stoneroller 15 0 
Luxilus chrysocephalus striped shiner 14 0 
Rhinichthys obtusus western blacknose dace 13 0 
Semotilus atromaculatus creek chub 1 0 
Fundulus olivaceus blackspotted topminnow 8 0 
Gambusia affinis western mosquitofish 1 0 
Cottus carolinae banded sculpin 3 0 
Lepomis cyanellus green sunfish 15 0 
Etheostoma caeruleum rainbow darter 1 0 
Total   71 0 
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Appendix J.16. Total number of fishes collected and number with anomalies at site SW-
16 in the Friar Branch system, Hamilton County, Tennessee, 2008. 
Scientific name Common name Number Anomalies 
May 21, 2008 
Campostoma oligolepis largescale stoneroller 58 1 
Luxilus chrysocephalus striped shiner 73 0 
Pimephales notatus bluntnose minnow 47 1 
Rhinichthys obtusus western blacknose dace 1 0 
Catostomus commersonnii white sucker 6 0 
Hypentelium nigricans northern hogsucker 1 0 
Ameiurus natalis yellow bullhead 3 1 
Fundulus olivaceus blackspotted topminnow 10 1 
Gambusia affinis western mosquitofish 2 0 
Lepomis auritus redbreast sunfish 93 1 
Lepomis cyanellus green sunfish 8 1 
Lepomis gulosus warmouth 1 0 
Lepomis macrochirus bluegill 15 0 
Lepomis punctatus spotted sunfish 3 0 
Micropterus salmoides largemouth bass 4 0 
Etheostoma caeruleum rainbow darter 6 0 
Etheostoma simoterum snubnose darter 11 0 
Total   342 6 
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Appendix J.17. Total number of fishes collected and number with anomalies at site SW-
19 in the Mackey Branch system, Hamilton County, Tennessee, 2008. 
Scientific name Common name Number Anomalies 
May 15, 2008 
Campostoma oligolepis largescale stoneroller 215 0 
Luxilus chrysocephalus striped shiner 94 1 
Rhinichthys obtusus western blacknose dace 135 0 
Semotilus atromaculatus creek chub 63 0 
Hypentelium nigricans northern hogsucker 6 0 
Ambloplites rupestris rock bass 14 0 
Lepomis auritus redbreast sunfish 2 1 
Etheostoma caeruleum rainbow darter 23 0 
Etheostoma simoterum black darter 15 0 
Total   567 2 
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Appendix J.18. Total number of fishes collected and number with anomalies at site SW-
25 in the Rogers Branch system, Hamilton County, Tennessee, 2008. 
Scientific name Common name Number Anomalies 
June 5, 2008 
Campostoma oligolepis largescale stoneroller 27 0 
Luxilus chrysocephalus striped shiner 6 0 
Ameiurus natalis yellow bullhead 3 0 
Fundulus olivaceus blackspotted topminnow 2 0 
Gambusia affinis western mosquitofish 4 0 
Lepomis auritus redbreast sunfish 29 0 
Lepomis cyanellus green sunfish 12 0 
Lepomis gulosus warmouth 3 0 
Lepomis macrochirus bluegill 32 1 
Lepomis microlophus redear sunfish 1 0 
Micropterus salmoides largemouth bass 3 0 
Perca flavescens yellow perch 9 1 
Total   131 2 
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Appendix J.19. Total number of fishes collected and number with anomalies at site SW-
34 in the Chattanooga Creek system, Hamilton County, Tennessee, 2008. 
Scientific name Common name Number Anomalies 
June 30, 2008 
Campostoma oligolepis largescale stoneroller 5 0 
Notemigonus crysoleucas golden shiner 3 0 
Pimephales notatus bluntnose minnow 1 0 
Gambusia affinis western mosquitofish 155 0 
Lepomis auritus redbreast sunfish 4 0 
Lepomis cyanellus green sunfish 86 3 
Lepomis gulosus warmouth 2 0 
Lepomis macrochirus bluegill 23 1 
Lepomis microlophus redear sunfish 2 0 
Micropterus salmoides largemouth bass 4 0 
Total   285 4 
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Appendix J.20. Total number of fishes collected and number with anomalies at site SW-
39 in the Chattanooga Creek system, Hamilton County, Tennessee, 2008. 
Scientific name Common name Number Anomalies 
June 26, 2008 
Campostoma oligolepis largescale stoneroller 81 0 
Cyprinus carpio common carp 1 0 
Hybopsis amblops bigeye chub 7 0 
Luxilus chrysocephalus striped shiner 53 0 
Pimephales notatus bluntnose minnow 2 0 
Rhinichthys obtusus western blacknose dace 15 0 
Semotilus atromaculatus creek chub 34 0 
Catostomus commersonnii white sucker 1 0 
Hypentelium nigricans northern hogsucker 5 0 
Ameirus natalis yellow bullhead 2 0 
Gambusia affinis western mosquitofish 3 0 
Cottus carolinae banded sculpin 8 0 
Lepomis auritus redbreast sunfish 12 0 
Lepomis macrochirus bluegill 22 0 
Lepomis punctatus spotted sunfish 1 0 
Micropterus salmoides largemouth bass 2 0 
Total   249 0 
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Appendix J.21. Total number of fishes collected and number with anomalies at site TC-3 
in the Tiger Creek system, Hamilton County, Tennessee, 2008. 
Scientific name Common name Number Anomalies 
July 2, 2008 
Campostoma oligolepis largescale stoneroller 57 11 
Hybopsis amblops bigeye chub 26 0 
Luxilus chrysocephalus striped shiner 107 13 
Lythrurus fasciolaris scarlet shiner 21 0 
Semotilus atromaculatus creek chub 1 0 
Hypentelium nigricans northern hogsucker 11 0 
Fundulus olivaceus blackspotted topminnow 7 0 
Gambusia affinis western mosquitofish 31 1 
Cottus carolinae banded sculpin 44 0 
Ambloplites rupestris rock bass 2 0 
Lepomis auritus redbreast sunfish 32 0 
Lepomis cyanellus green sunfish 5 0 
Lepomis gulosus warmouth 1 0 
Lepomis hybrid hybrid sunfish 2 0 
Lepomis macrochirus bluegill 11 0 
Lepomis megalotis longear sunfish 9 0 
Micropterus coosae redeye bass 1 0 
Micropterus salmoides largemouth bass 5 0 
Etheostoma rufilineatum redline darter 29 1 
Etheostoma simoterum snubnose darter 39 3 
Total   441 29 
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Appendix K.  Taxon composition (percent of total number of individuals per site) of fish assemblages at 21 
stream sites in the Chattanooga area (Tennessee-Georgia), May-June 2008.  
 
 Family composition (%)  
Site 
Introduced 
Species 
(%) Cyprinidae  Catostomidae  Cottidae  Centarchidae  Percidae  Othera 
BC-2 0.2 66.42 0.54 14.88 17.24 0.18 0.74 
BC-3 2.8 87.14 0.00 0.06 9.63 2.95 0.22 
CC-1 86.4 1.52 0.00 0.00 75.00 0.00 23.48 
CC-4 15.4 23.08 0.00 0.00 61.54 0.00 15.38 
FB-1 0.3 86.21 4.70 0.00 7.84 0.94 0.31 
FB-3 21.8 43.63 2.93 2.29 39.96 8.25 2.94 
MB-2 6.9 75.72 3.20 6.01 1.44 6.79 6.84 
MB-4 31.2 43.06 4.91 0.00 45.38 2.60 4.05 
MC-1 3.5 50.78 6.25 0.00 41.41 1.17 0.39 
MC-2 10.8 77.14 1.80 0.00 15.94 2.71 2.41 
MC-4 37.9 22.38 2.02 0.40 72.58 0.81 1.81 
NB-4 6.0 84.07 1.24 0.56 7.46 4.97 1.7 
PC-1 13.5 55.00 3.56 0.59 28.29 9.79 2.77 
SB-4 1.5 88.06 5.08 0.00 3.81 3.05 0 
SW-10 1.4 60.56 0.00 4.23 21.13 1.41 12.67 
SW-16 27.8 52.34 2.05 0.00 35.09 4.97 5.55 
SW-19 0.4 89.42 1.06 0.00 2.82 6.70 0 
SW-25 32.1 25.19 0.00 0.00 58.78 0.00 16.03 
SW-34 56.8 3.16 0.00 0.00 41.05 0.00 55.79 
SW-39 6.4 77.51 2.41 3.21 14.06 0.00 2.81 
TC-3 15.0 48.07 2.49 9.98 14.06 15.42 9.98 
aOther = Ictaluridae, Fundulidae, and Poeciliidae 
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Appendix L. Abundance, diversity and evenness indices, and index of biotic integrity (IBI) scores 
and ratings (estimated from electrofishing data) at 21 sites in the Chattanooga area (Tennessee-
Georgia), May-July 2008. 
Site 
Abundance 
(fish/100m2) 
Native 
species 
richness 
Shannon’s 
diversity 
Shannon’s 
evenness 
Simpson’s 
dominance 
IBI 
score IBI rating 
BC-2 53.5 10 1.49 0.62 0.33 28 poor 
BC-3 214.4 14 1.40 0.51 0.39 34 poor 
CC-1 27.8 4 1.05 0.59 0.48 32 poor 
CC-4 6.6 3 1.07 0.77 0.38 24 very poor/poor 
FB-1 82.7 9 1.76 0.77 0.20 34 poor 
FB-3 46.7 22 2.28 0.70 0.16 32 poor 
MB-2 316.8 12 1.87 0.71 0.20 40 fair 
MB-4 41.1 13 2.09 0.75 0.17 36 poor/fair 
MC-1 53.0 10 1.87 0.78 0.19 40 fair 
MC-2 73.4 12 1.48 0.56 0.32 38 poor/fair 
MC-4 71.5 14 1.98 0.69 0.21 38 poor/fair 
NB-4 82.3 17 1.62 0.55 0.30 34 poor 
PC-1 118.7 22 2.16 0.67 0.16 38 poor/fair 
SB-4 92.1 9 1.28 0.56 0.40 34 poor 
SW-10 20.8 8 1.85 0.84 0.16 30 poor 
SW-16 49.0 15 2.05 0.73 0.17 34 poor 
SW-19 213.9 8 1.64 0.75 0.24 42 fair 
SW-25 56.8 9 2.01 0.81 0.16 34 poor 
SW-34 17.0 7 1.22 0.53 0.39 26 very poor/poor 
SW-39 62.2 13 2.02 0.73 0.18 40 fair 
TC-3 48.6 16 2.44 0.82 0.11 32 poor/fair 
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Appendix M.  Index of biotic integrity (IBI) categories and metrics (Saylor and Scott, 
1987; Parsly et al., 1998) used to assess 21 study reaches in the Chattanooga area 
(Tennessee-Georgia), May-July 2008. 
Drainage 
area 
(km2) Category IBI metric 
< 12.95 Species richness 
and composition 
1.  Number of native fish species 
 2.  Number of riffle species 
  3.  Number of pool species 
  4.  Percent two dominant species 
  5.  Number of headwater intolerant species 
  6.  Percent tolerant individuals 
   
 Trophic 
composition 
7.  Percent omnivores and stoneroller species 
  8.  Percent specialized insectivores 
  9.  Percent piscivores 
   
 Fish abundance 
and composition 
10.  Catch rate (number of fish per 300 ft2) 
 11.  Percent lithophilic spawners 
  12.  Percent anomalies 
   
≥ 12.95 Species richness 
and composition 
1.  Number of native fish species 
 2.  Number of darter species 
  3.  Number of sunfish species excluding Micropterus spp. 
  4.  Number of sucker species 
  5.  Number of intolerant species 
  6.  Percent tolerant individuals 
   
 Trophic 
composition 
7.  Percent omnivores and stoneroller species 
 8.  Percent specialized insectivores 
  9.  Percent piscivores 
   
 Fish abundance 
and composition 
10.  Catch rate (number of fish per 300 ft2) 
 11.  Percent hybrids 
  12.  Percent anomalies 
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Appendix N.  Fish species and ecological characteristics used to assess biotic 
integrity at 21 study reaches in the Chattanooga area (Tennessee-Georgia), May-
July 2008. 
Scientific name Common name N
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Campostoma oligolepis largescale stoneroller X HB    
Cyprinella galactura whitetail shiner X IN  P  
Cyprinus carpio common carp  OM   TO 
Hybopsis amblops bigeye chub X SP L P HI 
Luxilus chrysocephalus striped shiner X OM L P TO 
Lythrurus ardens rosefin shiner X SP L P  
Nocomis micropogon river chub X OM  P  
Notemigonus crysoleucas golden shiner X OM  P TO 
Phoxinus erythrogaster southern redbelly dace X HB L P HI 
Pimephales notatus bluntnose minnow X OM  P  
Rhinichthys obtusus western blacknose dace X IN L   
Semotilus atromaculatus creek chub X IN  P TO 
Catostomus commersonnii white sucker X OM L P TO 
Hypentelium nigricans northern hogsucker X IN L  HI 
Moxostoma duquesnei black redhorse X IN L P IN 
Moxostoma erythrurum golden redhorse X IN L P  
Ameiurus melas black bullhead X OM  P TO 
Ameiurus natalis yellow bullhead X OM  P TO 
Ictalurus punctatus channel catfish X OM  P  
Fundulus olivaceus blackspotted topminnow X IN  P  
Gambusia affinis western mosquitofish  IN  P TO 
Cottus carolinae banded sculpin X IN  R  
Ambloplites rupestris  > 5 in. rock bass > 5 in. X PS  P IN 
Ambloplites rupestris  < 5 in. rock bass < 5 in. X PS  P HI 
Lepomis auritus redbreast sunfish  IN    
Lepomis cyanellus green sunfish X IN   P TO 
Lepomis gulosus warmouth X IN   P  
Lepomis macrochirus bluegill X IN  P  
Lepomis megalotis longear sunfish X IN  P HI 
Lepomis microlophus redear sunfish X IN   P  
Lepomis punctatus spotted sunfish X IN    P  
Micropterus coosae redeye bass  PS  P  
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Appendix N. Continued. 
Scientific name Common name N
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Micropterus punctulatus spotted bass X PS  P  
Micropterus salmoides largemouth bass X PS  P  
Etheostoma blennioides greenside darter X SP L R  
Etheostoma caeruleum rainbow darter X SP L R  
Etheostoma duryi black darter X SP L R HI 
Etheostoma rufilineatum redline darter X SP L R  
Etheostoma simoterum snubnose darter X SP L R  
Perca flavescens yellow perch  IN    
       
A Feeding guild: HB = herbivore; IN = insectivore; OM = omnivore; PS = 
piscivore;  
  and SP = specialized insectivore 
BSpawning guild (for headwater streams [drainage area < 12.95 km2]): L = 
lithophilic spawner 
C Habitat preference (for headwater streams): P = pool; and R = riffle 
DTolerance: TO = tolerant; HI = headwater intolerant; IN = intolerant 
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Appendix P.  Proof of project approval by the UTC Institutional Animal Care and Use Committee 
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